GENERALIZED  ELECTRONICS  MAINTENANCE 
MODEL  (GEMM) 

I 

Robert  Dale  White,  et  al  ,  I 

\ 

Army  Electronics  Command  | 

Fort  Monmouth,  New  Jersey 

November  1971  1 


ADTSI^ 


GENERALIZED  ELECTRONICS  MAINTENANCE  MODEL  (GEMM) 


( 


R.  Dale  White 
David  A.  TyburskI 


DISTRIBUTION  STATEMENT 

Approved  lor  public  release; 
distribution  unlimited. 


November  1971 


D  D 


UNITED  STATES  ARMY  ELECTRONICS  COMMAND  -  FORT  MONMOUTH.  N.J. 


R«prodvced  by 


NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

U  S  Otportmvnt  of  Commtrct 
Springf.fld  VA  22151 


9 


L. 


ittJiWfiliiliM.iWijWVifiVBJJtiijifi.twiwanw^wriiTiiiia  iJMjM^tWi'.WHA.miijjiijw 


SRruflty  aaaaificRtloR 

1  DOCUMSNT  CONTROL  DATA  .  R  i  0  I 

I  ^•corifR  elAARl/lcAf/to  •/  ifiJA,  ho4f  •/  ctotmcf  AM  ind^sing  mmcUUon  muBt  to  Awffto  whm  Ito  •mrtil  ftoff  !•  4IaaaI0«#>  I 

*'  us  Army  Electronic.:  "Command 

Rort  Monmouth,  New  Jer;.fiy  07703 

toa  RKRORT  MCCUMITV  CWAAtlRtCATItol 

lliclas8lfl«d 

to.  AROUR 

S.  RKRORT  TITLK 

''  Generalized  Electron! dc  Kainteoanee  Model  (G9Q4) 

4.  OKscni^Ttvc  NOTcs  (Tjrw  mtnpmt  Incfijjfy  d»H»} 

Techm‘''-il  Report 

f.  AUTHOMIt)  (Pint  mmm,  rnlimt  Mttol,  tmmt  nmma) 


Robert  Daldf  'White 
-Dfivid  A.  lyburoki 


f«.  RK^ORT  DRTK 

Novambcr  19'i’’l- 


•«.  CONTRACT  OR  ORANT  HO. 


*.  RROJKCT  NO. 


7A.  TOTAL  NO.  OR  RAOKt 

25^ 


7*.  NO.  OR  RKRB 

None 


•A.  ORl«INATOR*S  RKRORT  NUMSKRtH 


BC(M-3502 


.  OTHKR  RKRORT  NO(S>  fARR  eA«r  I 
fht»  fpo^) 


•r*  0IOt  MR  to  toAltoto 


10.  DtOTRfOUTtON  OTATKMtNT 

Approval  for  public  release:  ‘U-stributloa  unlimited. 


11.  SuePUCMCNTAnv  notc» 


ACT 

( 


ta.  tPeMtoniN*  military  activity 

US  Artoy  Electronics  Coianand 

ATTN:  AMSEL-PIr-SA 

port  Monmouth,  New  Jersey  07703 


The  rapid  advances  la  technology  and  the  ever-changing  nission  requirements 
of  today's  Army  create  a  multitude  of  problems  in  the  logistics  support  area.  With 
sttpport  costs  over  the  life  cycle  averaging  from  10-100  times  greater  than  procurement 
costs  for  electronic  equipoents,  it  becomes  obvious  that  the  area  of  logistics  support 
requires  a  great  deai  of  detailed  scrutiny  and  analysis.  What  is  not  so  obvious  Is  tha' 
this  analysis  cannot  be  restricted  to  logistics  support  per  se. 

Ihe  effect  that  design  parameters  have  on  logistics  support  must  be  determined. 
This  Interaction  between  design  and  logistics  support  pennits  trade-off  analysis  for 
the  express  purjxise  of  'loptimizing  the  logistics  profile  with  respect  to  effectiveness 
constraints .  > 

In  order  to  accomplish  trade-off  analyses  In  a  timely  manner,  it  is  necessary  to 
employ  the  technique  of  mathematical  support  modeling.  A  support  model  is  a  mathemati 
cal  representation  of  an' actual  support  system  that  permits  detailed  support  require¬ 
ments  analysis  and  desig^  trade-offs.  The  Generalized  Electronics  Maintenance  Model 
(GSdt)  is  suet  a  model,  efesigned  in-house  by  ECWl  personnel  for  the  study  of  ECCW 
equipoents .  \ 

GJMM  is  a  management  \tool  designed  to  assist  the  manager  in  the  de;ision-iialcing 
process  dixring  the  developMnt  of  prime  equipment  and  its  supporting  logistics  system. 
Xtnplementation  of  G0W  will  provide  management  with  the  capability  to  study  the  inter¬ 
action  of  the  many  element^of  equipment  design  and  logistics  support  and  the  effect 
that  each  element  has  on  li^e  cycle  support  costs  and  operational  availability.  The 
effect  that  changes  in  spenre  policies,  manpower,  test  equipment  and  transportation  will 

suppol^  costs  and  operational  availability  can  he  shown  over  a 


DD  .’r,.1473 


)polrt  cc 

O^rbSiri 


oe  R^MIM  %47t.  «  to.  WMlCM  IS 

mrf 


\ 


tocuflty  Ct*«8tAcAtloR 


(1) 


\ 


1 


■'t 


Reports  Control  Symbol  OSD-I366 


/ 


TECHNICAL  REPORT  ECCM 3502 

( 

I 

(2)NEFALIZED  EIECTROHICS  KAINTETMlNCE  MODEL  (CTMM) 


Robert  Dale  White 
David  A.  IVburski 


November  1971 


DetaGs  of  mintratloM  Ln 
this  document  may  tat  better 
studied  on  mk^ofiche 

Distribution  Statement 

Approved  for  public  release;  distribution  imlimited. 


U.  S.  ARMY  EIECTRONICS  COt-lMAND 
PORT  MOMOOTH,  NEW  JERSEY 


ABSTRACT 


The  rapid  advances  in  technology  and  the  everchanging  mission  require-  i 

ments  of  today's  Army  create  a  multitude  of  problems  in  the  logistics  support 
area.  With  support  costs  over  the  life  cycle  averaging  from,  10-100  times 
greater  than  procurement  costs  for  electronic  equipments,  it  becomes  y 

obvious  that  the  area  of  logistics  support  requires  a  great  deal  of  detailed 
scrutiny  and  analysis.  What  is  not  so  obvious  is  that  this  analysis  cannot 
be  restricted  to  logistics  support  per  se. 

'The  effect  that  design  parameters  have  on  logistics  support  must  be 
determined.  This  interaction  between  design  and  logistics  support  permits 
trade-off  analysis  for  the  express  purpose  of  optimizing  the  logistics 
profile  with  respect  to  effectiveness  constraints. 

In  order  to  accomplish  trade-off  analyses  in  a  timely  manner,  it  is 
necessary  to  employ  the  technique  of  mathematical  support  modeling.  A 
support  model  is  a  mathematical  representation  of  an  actual  support  system 
that  permits  detailed  support  requirements  analysis  and  design  trade-offs. 

The  Generalized  Electronics  Maintenance  Model  (GEMM)  is  sucb  a  model, 
designed  in-house  by  BOOM  personnel  for  the  study  of  ECOM  equipments, 

GEMM  is  a  management  tool  designed  to  assist  the  manager  in  the 
decision-making  process  during  the  development  of  priine  equipment  and  its 
supporting  logistics'  system.  Implementation  of  GEMM  will  provide  manage¬ 
ment  with  the  capability  to  study  the  interaction  of  the  many  elements  of 
equipment  design  and  logistics  support  and  the  effect  that  each  element 
has  on  life  cycle  support  costs  and  operational  availability.  The  effect 
that  changes  in  spare  policies,  manpower,  test  equipment  and  transportation 
will  have  on  the  life  cycle  support  costs  and  operational  availability  can 
be  shown  over  a  wide-range  of  values.  Likewise,  the  effect  of  design  changes 
in  reliability  and  maintainability  can  be  assessed  and  reliability  versus 
maintainability  trade-offs  can  be  performed. 

Utilization  of  support  models,  such  as  G®IM  during  the  early  stages  of 
an  equipment  design  and  continuing  throughout  its  life  cycle,  is  the  only  ^ 

method  by  which  accurate  and  tiij»eJI«y,  (i.eipdaions  can  be  rendered  concerning 
the  support  of  modern  Army  equipments 
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CHAPTER  I 


INTRODUCTION 


This  docximent  '’.ne  final  report  on  the  Gene^ali^ed  Electronics 
Maintenance  Mr  lei  (GE2'M).  GEMM  is  an  integrated  design  '-.id  logistics 
support  model  written  in  FORTRAN  IV  computer  language,  'ihis  report 
contains  information  of  the  purpose  of  GEMM,  the  model  inputs  and  outputs, 
logic  ^low,  derivation  r>f  equations,  sensitivity  analysis,  and  two  sample 
problems  utilizing  GEM4.  In  addition,  the  appendices  contains  the  computer 
fl.’w  chart,  a  program  listing,  a  description  cf  input  data  requirements,  and 
ap  Identification  list  of  variable  names. 

F-  !;  ROUND 

•.  5tudv  pro, for  this  model  was  developed  by  the  Systems  Analysis 
Div  .ion  oi-  w'  "I  then  the  Sy‘»tems/Cost  Analysis  Office  and  first 
prese'ted  to  '  v.  .,JJM  Special  Studies  and  Review  Board  in  November  of  1969. 
This  proposal  a.  approved  in  December  and  the  importance  of  the  project 
was  recognized  and  emphasized  by  the  Deputy  Commanding  General,  ECOM.  In 
March  of  1970,  a  meeting  was  held  between  Systems  Analysis  Division  and 
Maintenance  Engineering  Directorate  to  discuss  support  modeling  relative 
to  Integrated  Logistics  Support.  This  meeting  resulted  in  a  joint  venture 
to  develop  GEM”  with  both  activities  supplying  the  necessary  resources . 

The  GEMM  development  was  initiated  in  April  of  197C  and  two  man-yeacs  of 
effort  has  been  required  for  this  development. 

SUPPORT  MODELING 

Th.'-  GEbM  model  belongs  to  that  class  of  mathematical  models  normally 
referred  to  as  a  "Support'’  model.  A  "Support"  model  is  a  representation  of 
an  actual  support  system.  This  representation  .lay  be  accomplished  in  a 
number  of  ways  but  the  most  common  means  is  by  simulation  or  mathematical 
equations  or  a  combination  of  both.  Some  support  models  can  be  exercised 
by  hand  but  in  most  cases  support  models  are  computerized. 

The  definition  of  simulaLxon  is  "to  have  the  external  characteristics 
of  or  to  look  or  act  like’;”  This  is  analogous  to  building  a  scale  model 
of  an  airplane  to  test  its  air  flow  characteristics.  Applied  to  simulation 
support  modeling,  this  means  that  a  computer  model  is  built  that  has  the 
charateristics  of  and  acts  like  an  actual  support  system. 

The  type  of  model  utilizing  mathematical  equations  is  called  an  analy¬ 
tical  model.  This  type  of  model  utilizes  mathematical  equations  to  cal¬ 
culate  the  elements  of  the  actual  support  system  in  qxiestion.  Mathematical 
relationships  are  derived  that  enable  the  determination  of  spare  require¬ 
ments,  maintenance  manpower  requirements,  and  other  support  elements. 
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By  utilizing  a  computer  model  of  an  actual  support  system,  it  is  possible 
to  obtain  much  information  about  a  system  at  a  substantial  savings  compared 
to  stxidy  of  the  actual  physical  S3retem. 

The  steps  that  are  taken  during  the  development  of  a  support  model  are 
extremely  beneficial.  The  first  step  that  must  be  undertaken  in  the  develop¬ 
ment  of  a  support  model  is  the  determination  of  all  the  key  elements  of 
support.  This  is  a  big  job  in  itself  and  one  which  imparts  a  great  deal  of 
useful  IViVledge  to  the  model  developer.  An  abundance  of  insight  into 
various  pnases  of  support  is  a  side  product  of  thin  activity. 

An  in-depth  evaluation  of  maintenance  an<3  logistic  flow  must  be 
completed  before  a  simulation  or  an  analytical  support  model  can  be  develop¬ 
ed.  Once  again,  thedesirable  side -effect  cf  this  task  is  a  better  under¬ 
standing  of  the  maintenance  and  /ogistics  system  and  its  problem  areas. 

The  determination  of  the  possible  support  policies  for  various 
equipments  requires  a  great  deal  of  investigation  into  equipment  repair 
and  maintenance  procedures  and  a  thorough  understanding  of  transportation 
problems,  stockage  procedures,  repair  shop  operation  and  other  phases 
of  maintenance  support.  The  support  model  must  be  developed  in  such  a 
manner  that  it  can  be  readily  applied  to  a  wide-range  of  support  problems. 

The  detailed  investigation  of  maintenance  and  logistics  discussed  above 
enables  the  development  of  a  support  model  with  the  necessary  ingredients  of 
versatility  and  applicability. 

GEMM  APPROACH 

For  the  GEMM  program  the  decision  was  made  to  develop  an  analytical 
support  model  rather  than  a  simulation  model.  This  decision  was  based  on 
several  factors.  A  support  model  was  needed  that  could  be  exercised  several 
times  during  the  life  cycle  of  an  equipment  with  rapid  turn  around  so  that 
tii’^.ly  decisions  could  be  reached  through  application  of  the  model.  Also 
a  great  deal  of  sensitivity  analysis  will  be  required  to  facilitate  the 
evaluation  of  alternate  design  and  logistics  plans  from  the  standpoint  of 
life  cycle  support  costs  and  operational  availability.  The  amount  of 
analysis  that  would  be  required  is  substantial.  This  typa  of  analysis  takes 
time  and  costs  money.  The  computer  time  required  and  the  huge  amounts  of 
input  data  required  for  simulation  makes  the  simulation  approach  prohibitive. 
The  type  and  quantities  of  data  required  for  large  simulation  simply  is  not 
available  and  he  validity  of  this  type  of  data  is  highly  questionable. 

To  be  realistic,  GEMM  is  capable  of  evaluating  thirty-five  different 
possibilities  of  maintenance  allocation.  These  maintenance  allocations 
cover  the  realm  of  possibilities  which  could  actually  occur  within  the 
Army  structure. 
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For  the  most  part,  GEMM  utilizes  mean  value  for  input  data.  This  type 
of  data  is  available  or  may  generally  be  obtained  within  the  Army  structure. 
GEMM  does,  however,  consider  confidence  limits  for  stockage  based  on  the 
Poisson  Distribution,  via  TM  38-715-1. 

Again,  to  be  realistic,  GEMM  is  compatible  with  the  force  structure 
approach.  GEMM  can  consider  almost  any  type  of  force  structure  from  a 
battalion  deployment  to  a  field  Army.  Force  structure  data  such  as  number 
of  equipment  in  the  force  structure,  the  number  of  organizational,  direct, 
general  and  depot  support  shops,  distances  between  shops,  etc.,  are 
required  by  GEMM.  Decisions  made  by  the  model  are  based  on  life  cycle 
support  costs.  Additionally,  the  operational  availability  of  the  end  item 
will  be  calculated  for  the  optimiim  policy.  Operational  availability  is  the 
availability  of  the  end  item  to  the  user  in  the  field  taking  into  consider¬ 
ation  both  the  design  and  logistics  system. 

This  computerized  model  is  not  a  compilation  of  sophisticated  mathe¬ 
matical  manipulations.  It  makes  use  of  standard  Array  methods  of  determing 
logistics  support  requirements.  The  attribute  of  GEMM  is  not  its 
utilization  of  complex  computer-oriented  operations  research  techniques 
but  the  speed  with  which  it  performs  previously  manual  calculations  and  the 
integration  of  design  and  logistics  variables  to  provide  a  total-picture 
approach  to  design 'and  logistics  decision-making. 

GEMM  APPLICATIONS 

GEEW  is  a  management  tool  designed  to  assist  the  manager  in  the  decision¬ 
making  process  during  the  development  of  prime  equipment  and  its  supporting 
logistics  system.  Implementation  of  GEEW  will  provide  management  with  the 
capability  to  study  the  interaction  of  the  many  elements  of  logistics 
support  and  the  effect  that  each  element  has  on  the  support  system  life 
cycle  costs. 

The  effect  that  changes  in  spares  policy,  manpower,  test  equipment,  etc'., 
will  have  on  the  support  system  life  cycle  cost  and  the  equipment  operation¬ 
al  availability  can  be  shown  over  a  wide  range  of  values.  Likewise,  the 
effect  of  design  changes  in  reliability  and  maintainability  can  be 
assessed  and  Reliability  versus  Maintainability  Trade-Offs  can  be  performed. 
These  investigations  can  be  accomplished  using  estimated  and  predicted  values 
to  assist  in  the  decision-making  in  the  early  design  stages  before  equipment 
design  and  logistics  policy  have  been  firmly  definitized. 

The  speed  with  which  GEMM  can  be  exercised  on  the  computer  permits 
sensitivity  analysis  yielding  instantaneous  evaluation  of  alternative 
solutions,  thereby  creating  a  direct  man-machine  interface.  Many  iterations 
of  the  input  data  such  as  different  MTBF’s,  MTTR’s,  stockage  confidence 
levels,  and  many  other  input  variables.  This  sensitivity  analysis  will 
permit  detailed  analysis  of  the  effect  of  design  and  logistic  parameters  on 
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CHAPTER  II 


MAINTENANCE  OPERATIONS 


There  are  foui*  categories  or  echelons  of  maintenance  in  an  Army 
theater  of  operations.  These  categories  are:  Organizational  Support  (0), 
Direct  Support  (DS),  General  Support  'GS)  and  Depot  Support  (D).  Figure  1 
briefly  describes  the  type  of  work  normally  accomplished  at  each  echelon, 
the  location  where  the  work  is  done,  the  person  or  group  doing  the  work, 
the  equipment  that  is  maintained,  and  the  basis  of  the  repair  action. 

This  figure  describes  maintenance  operations  as  they  are  normally  performed 
within  the  Army.  There  are  certain  equipments  that  do  not  lend  themselves 
to  this  type  of  organization  of  maintenance.  And  other  equipmant,  while 
lending  themselves  to  this  type  maintenance  structure,  might  be  repaired 
more  efficiently  with  a  resulting  lower  cost  if  allowed  to  follow  some 
other  maintenance  policy. 

The  GEMM  model  is  not  constrained  to  the  general  maintenance  organization 
shown  in  this  figure.  It  has  the  flexibility  to  investigate  various 
structures.  To  accomplish  this  variation  of  •structure ,  it  was  necessary  to 
identify  several  maintenance  actions  without  restricting  the  echelon  at  which 
they  could  occur  (except  in  one  instance). 

These  maintenance  actions  are:  Check-Out  Equipment  (COE),  Fault 
Isolate  to  Component  (FIC),  Fault  Isolate  to  Module  (FIM),  Fault  Isolate 
to  Part  (FIP),  Throwaway  Module  (TAM),  Throwaway  Component  (TAC),  and 
Throwaway  Equipment  (TAE).  COS  is  the  only  restricted  action  and  it  must 
be  accomplished  at  organizational  support.  COE  is  the  action  required  to 
determine  that  the  equipment  has  failed.  FIC  is  rhe  maintenance  action  that 
is  required  to  fault  isolate  the  failed  equipment  down  to  the  component 
level,  i.e.,  to  locate  the  failed  component  and  it  can  occur  at  any  one  of 
the  four  echelons. 

Correspondingly,  FIM  is  the  action  required  to  locate  the  failed 
module  and  FIP  is  the  action  required  to  locate  the  failed  part.  It  is 
assumed  that  the  actions  must  be  performed  in  sequence,  i.e.,  before  FIP  can 
be  performed  it  is  necessary  to  perform  COE,  FIC  and  FIM  respecti'vely. 

Figure  2  denotes  the  equipment  breakdown  and  the  order  of  performance  of 
these  maintenance  actions. 

To  make  GE^W  general  purpose  it  was  necessary  to  consider  a  wide 
range  of  maintenance  philosophies.  These  philosophies  are  made  up  of  the 
functions  described  above  and  the  different  philosophies  exhibit  differences 
due  to  the  echelon  at  which  the  maintenance  functions  take  place.  After 
extensive  analysis,  it  was  determined  that  thirty-five  maintenance  philoso¬ 
phies  defined  the  universe  of  possibilities  for  Army  electronic  equipment. 
Other  possibilities  were  removed  from  consideration  as  being  infeasible. 
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Figure  2.  Equipcnent  and  Repair  Terminology 


These  thirty-five  possibilities  vail  cover  any  situation  of  equipment 
type,  operational  environment,  maintenance  structure,  etc..  Figure  3 
is  k  list  of  these  possibilities.  Similarly,.  Figure  A  is  a  graphical  tree 
representation  of  these  same  thirty-five  possibilities. 

It'  is  important  to  understand  that  for  one  -and  the  same  equipment,  it 
may  be  possible,  and  desirable,  that  several  of  these  philosophies  describe 
the  maintenance  actions  required  to  maintain  the  equipment  in  an  optimal 
manner.  For  example,  a  particular  radar  equipment  might  exhibit  one  throw¬ 
away  component,  while  another  component  might  require  FIM  at  the  DS  level 
and  still  another  might  require  FIM  at  GS.  Likewise,  some  modules  might 
be  thrown-away  rather  than  repaired  while  others  might  be  repaired  at 
different  maintenance  echelons.  This  is  a  real  situation  and  one  that 
place's  a  definite  requirement  on  the  evaluation  capability  of  GEMM,  Other 
njodels^were  investigated  and  found  to  be  excellent  in  many  respects. 
However,  too  many  models  could  not  consider  the  repair  of  modules  at 
different  echelons  nor  could  they  evaluate  component  repair  at  different 
levels.  This  is  a  as  far  as  realism  and  versatility  is  concerned 

in  a  Support  model. 
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CHAPTER  III 


CALCULATION  PROCESS  LOGIC 


This  chapter  attempts  to  familiarize  the  reader  with  the  manner  in 
which  calculations  are  performed  by  the  model.  In  order  to  accomplish 
this  a  figure  is  included  that  illustrates  the  various  maintenance 
policies  that  are  capable  of  evaluation  by  GBMM  (Figure  U).  Figure  U 
exhibits  four  maintenance  actions:  COE  (checkout  of  equipment),  FIC  (fault 
isolate  to  component),  FIM  (fault  isolate  to  module)  and  FIP  (fault 
isolate  to  part).  All  Checkout  of  Equipment  (COE),  is  assumed  to  be 
performed  at  the  organizational  repair  level  (0).  The  other  three  repair  / 
actions  can  be  performed  at  any  one  of  four  levels:  Organizational  (0), 
Direct  Support  (DS),  General  Support  (GS),  and  the  Depot  (D),  Also 
included  in  the  figure  are  the  throwaway  maintenance  functions:  Throwaway 
Equipment  (TAE),  Throwaway  Component  (TAC),  and  Hirowaway  Module  (TAM). 

In  addition  to  this  figure  a  logic  flow  diagram  of  the  calculation 
process  is  presented  in  Figure  5.  The  flow  chart  is  essentially  self- 
explanatory,  therefore,  detailed  discussion  of  the  flow  chart  will  not  be 
presented  herein.  However,  a  summary  of  the  calculation  process  will  be 
presented  below  to  provide  a  general  understanding  of  the  calculation 
logic  prior  to  study  of  the  flow  diagram. 

The  Principle  of  Optimality  states  "An  optimal  policy  has  the  property 
that  whatever  the  initial  decision,  the  remaining  decisions  must  constitute 
an  optimal  policy  with  respect  to  the  results  of  the  first  decision." 

This  is  to  say  that  in  a  problem  constituted  of  a  number  of  discrete  parts, 
an  optimum  answer  for  the  totality  can  be  built  up  if  an  optimum  answer  is 
obtained  for  each  separate  part.  Applying  this  principle  to  Figure  k  forms 
the  basis  for  GEMI’s  calculation  process.  A  determination  is  made  of  the 
optimum  repair  level  for  each  module  under  a  particular  FIM.  This  con¬ 
stitutes  the  first  decision  and  it  is  an  optimal  decision. 

The  optimal  FIM  level  is  then  determined  for  all  co^fponents  under  a 
particular  FIC  using  the  information  calculated  previou'sly  for  the  optimal 
repair  of  the  module.  This  procedure  is  repeated  undisr  each  FIC.  Finally 
the  optimal  location  for  the  FIC  function  is  determined  utilizing  all  of 
the  information  that  has  now  been  determined  (information  on  the  optimal 
FIM  level  for  components  and  the  optimal  FIP  levels  for  the  modules).  The 
requirements  for  performing  COEO  are  then  determined  and  combined  with  all 
previews  results.  An  optimal  maintenance  philosophy  has  now  been  determined 
This  optimal  philosophy  will  specify  the  level  at  which  all  modules  and 
components  should  be  repaired  or  thrown  away. 
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CALCULATION  FLOW  LOGIC 


In  addition,  test  equipment,  manpower  and  stockage  requirements  will  be 
detemlned  for  the  optimal  maintenance  philosophy  for  the  equipment  under 
study.  These  are  three  general  categories  of  information  calculated  by 
6EMM.  However,  more  detailed  breakdofwns  of  cost  information  such  as 
training,  inventory  management,  etc.,  Is  also  an  output  of  GEbM  and  will  be 
discussed  In  the  output  chapter  of  this  report.  To  follow  the  flow  logic. 
Figure  5,  It  Is  necessary  to  refer  back  to  Figure  4.  The  flow  logic 
refers  to  Figure  4  from  left  to  right  and  from  bottom  to  top  and  also  makes 
reference  to  specific  functions  by  the  use  of  nusibered  "flag  identifiers". 


CHAPTER  TV 


ItJFUT  &  OUTPUT 


This  chapter  discusses  the  input  requirenents  of  GEMM  and  the  output 
that  will  be  obtained  from  a  computer  run.  The  discussion  in  this  chapter 
concerning  inputs  and  outputs  is  general  in  nature.  A  more  detailed  list 
of  input  data  requirements  can  be  found  in  Appendix  A. 

Input 

The  GaiM  model  utilizes  mean  values  for  inputs  in  order  to  reduce  the 
magnitude  of  the  data  collection  effort.  Also,  to  further  minimize  data 
gathering,  the  number  of  data  inputs  is  held  to  the  absolute  minimum 
commensurate  with  the  level  of  detail  provided  by  the  GEMM  program.  Figure 
6  indicates  the  general  data  requirements  for  GEMM. 

Reliability  and  Maintainability  information  is  required  for  the  end  item 
and  for  each  component,  module  and  part  class  within  the  end  item.  In  order 
to  avoid  data  collection  for  individual  pieceparts  it  is  necessary  to 
structure  the  pieceparts  into  what  will  be  called  part  classes. 

A  part  class  is  a  means  of  structuring  pieceparts  according  to  some 
applicable  characteristic  such  as  failure  rate,  cost,  weight,  etc..  The 
selection  of  the  particular  pieceparts  that  should  make  up  the  parts 
classes  should  be  done  by  a  research  and  development  engineer.  For 
example,  all  passive  elements  might  be  assigned  to  a  particular  part .class, 
say  Class  1.  There  might  be  twenty-five  different  pieceparts  within  this 
parts  class.  Each  piecepart  might  be  assigned  a  failure  rate  and  a  cost 
equal  to  the  average  of  the  twenty-five  elements  of  the  class.  Thus, 
whenever  a  piecepart  of  Class  1  is  encountered,  the  failure  rate  and  cost 
of  Class  1  is  used  rather  than  that  of  the  individual  piecepart.  This  will 
reduce  the  quantity  of  input  variables  required  for  GEMM.  If  care  and 
consideration  is  taken  in  the  structuring  of  the  parts  into  parts  classes, 
it  is  felt  that  the  errors  introduced  will  not  be  significant  and  the 
benefits  derived,  i.e.,  the  substantial  reduction  in  this  averaging  method 
does  not  give  sufficient  detail  for  a  particular  problem  then  each  piece- 
part  can  be  considered  as  being  a  part  class  itself.  If  only  part  failure 
rates  can  be  determined,  then  one  of  the  subroutines  of  GEMM  will  apportion 
the  reliability  parameters  to  the  modules,  components  and  the  end  item. 

The  mission  profile  for  the  equipment  under  consideration  must  be  enter¬ 
ed  into  the  model.  The  mission  profile  includes  such  information  as: 
hours  of  operation  per  day  of  the  equipment,  number  of  days  per  year  of 
operation,  and  restrictions  on  maintenance  shops  such  as  number  of  shifts, 
hours  per  shift,  etc.. 

Research  and  development  costs  are  reed  into  the  model  as  a  total  cost 
and  maj'  be  used  to  reflect  higher  research  and  development  costs  incurred 
when  higher  mean-time-between-failure  figures  are  desired. 


*  RBUABILIIY  AND  MAIKTAINABILITY  INFORMATION 


*  RESEARCH  AND  DEVELOPMENT  COSTS 

*  MISSION  PROFILE 

*  FORCE  STRUCTURE 

*  TEST  EQUIPMENT 

*  PERSONNEL 

*  ATTRITION  FACTORS 

*  TRANSPORTATION 

*  PUBLICATIONS 

*  STOCKAGE  INFORMATION 

*  ECONOMIC'  LIFE 


Figure  6.  Inputs 
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Force  structure  infottnation  is  required  such  as  the  number  of  organ¬ 
izational  shops  supported  by  one  direct  support  shops,  the  number  of 
direct  support  shops  per  general  support  shop,  etc.  Also  distances  between 
shops,  and  number  of  equipments  supported  per  shop  are  other  examples  of 
force  structure  data  requirements. 


Test  equipment  and  maintenance  personnel  requirements  are  needed  as 
input  to  the  model.  Test  equipment  information  is  input  by  type  and  cost 
and  maintenance  personnel  are  described  by  MDS  type  and  pay  allowance 
per  year. 

Attrition  factors  are  input  to  the  model  to  reflect  geographical 
location  and  peace  time  or  war  time  conditions.  Transportation  information 
includes  distances  between  shops,  as  mentioned  previously,  the  cost  per 
pound  per  mile  for  transportation,  and  the  weights  of  the  modules,  components 
and  the  end  item. 


i'  Stixjkage  information  includes  the  array  of  confidence  levels  to  be 

I  investigated,  the  turnaround  times,  order-ship  times  and  the  length  of  the 

•|  replenishment  periods. 

Also  included  is  the  cost  of  the  spares.  And,  a  final  input  is  the 
*  economic  life  to  be  coasidered  for  the  equipment  under  study. 

I 

i  These  inputs  have  been  discussed  in  general  categories.  Appendix  A 

I  gives  a  more  detailed  listing  of  input  data  requirements. 

I  Outputs 


One  of  the  most  important  outputs  of  GEMM  is  the  operational  avail¬ 
ability  for  the  equipment  being  analyzed.  This  is  calculated  for  the 
maintenance  policy  that  is  determined  to  be  the  optimum  policy.  However, 
it  may  be  calculated  for  any  of  the  thirty-five  policies. 


The  Life  Cycle  Support  Costs  form  an  important  category  of  output 
information.  The  support  costs  are  divided  into  the  following  factors: 


(a)  Test  Equipment  Cost  (g)  Publications  Cost 

(b)  Spares  &  Repair  Parts  Cost  .(h)  ke.  '.arch  &  Development  Costs 

(c)  Personnel  Costs  (i)  Production  Cost 


(d)  Transportation  Cost 

(e)  Training  Costs 

(f)  Inventory  Management  Costs 


IT 


The  maintenance  allocation  for  repair  of  all  toodules*  components,  and 
the  end  item  is  an  output  of  OSMM.  Any  module  nr  component  that  should 
receive  throwaway  maintenance  is  indicated  along  with  the  level  at  which 
throwaway  should  take  place. 

The  requirements  for  stock,  test  equipment  and  maintenance  personnel  is 
presented  in  the  output.  The  stockage  requirements  are  shown  as  the 
quantity  required  for  each  level  of  maintenance.  The  test  equipment 
requirements  at  each  level  are  presented  by  type  of  test  equipment  and 
quantity  required.  The  MOS  designation  for  the  maintenance  personnel  and 
the  quantity  that  is  required  at  each  level  of  maintenance  is  indicated. 

Hie  outputs  for, test  equipment  and  personnel  arc  presented  on  a  per  shop 
basis.  In  addition,  the  total  force  structure  requirements  are  also 
computed . 

GEMM  also  makes  use  of  graphical  outputs*  Graphs  are  plotted  by  the 
computer  to  show  the  inter>relationships  of  key  variables.  The  relation¬ 
ships  that  are  plotted  are  listed  below: 

(a)  Availability  versus  Sensitivity  Run  (SR) 

(b)  Support  Costs  versus  Sensitivity  Run  (SR) 

(c)  Cost  Effectiveness  versus  Sensitivity  Run  (SR) 

Each  sensitivity  run  may  represent  the  change  of  one  variable  or  a 
combination  of  several  variables.  Since  some  variables  are  not  independent, 
a  change  in  one  variable  may  demand  a  change  in  some  other  variable.  For 
example,  if  it  is  desired  to  determine  the  effect  of  a  change  in  the  equip¬ 
ment  MTBF,  this  change  must  be  reflected  in  the  component  atkl  module  MTBFs, 
the  MTHls,  and  also  in  the  costs  of  the  equipment. 


CHAPTER  V 


DERIVATION  OF  KEY  EQUATIONS 


The  following  discussion  concerns  the  derivation  of  key  relationships 
that  are  utilized  intemeJ-ly  within  the  calculation  portion  of  GEMM.  The 
key  equations  will  be  presented  in  the  followin^j  order:  Annual  Maintenance 
Manhour,  Test  Equipment  Requirements,  Manpower  Requirements,  Transportation 
and  Stockage  Requirements,  Availability,  Inventory  Msinagement  and  Training. 

Annual  Maintenance  Manhour  Calculations 

The  Annual  Madntenance  Manhour  con^puter  subroutine  is  exercised  for 
each  module  and  component  and  for  the  equipment  to  determine  the  Annual 
Maintensmee  Manhour  (AMMH)  requirements  for  maintenance.  The  AMMH  is 
defined  as  the  nimiber  of  failures  per  j-esur  multiplied  by  the  mean  time  to 
repair  (MTTR)  per  failure  or, 

AMMH  =  (Number  of  Failures/year)  (MTTR/Failure) . 

In  more  detail  this  equation  becomes, 

AMMH  =  (Operating  Hours/day  X  Operating  Days /Year)  (MTTR/Failure) 

Mean-Time -Be tween Failure  (MTOF) 


Test  Equipment  Calculations 

The  routine  that  cailculates  test  equipment  requirements  msdtes  use  of 
the  AMMH  information  to  calculate  the  test  equipment  required  for  each 
module,  component  emd  the  equipment.  The  test  equipment  required  for  the 
Unit  Under  Test,  UUT,  whether  it  be  module,  component  or  equipment  is 
defined  as  the  AMMH  for  the  UUT  divided  by  the  number  of  shop  hours  avail¬ 
able  per  year.  In  equation  form  this  becomes. 

Test  Equipment  of  Type  I  per  shop  =  (AMMH  of  UUT)  X  N  , 

Shop  Ers  Available/year 

where  N  =  toteO.  number  of  UUT's  per  shop. 

In  more  detail, 

TE  (T)  per  shop  -  _  (AMMH  of  UUT)  (UUT’s/Shop) 

(Operating  Hoiu'/Shop  X  Operating  Da^/Year) 


and  the  total  test  equipment  requirement  for  Type  I  in  the  force  structure 


Total  Test  E^uipmect  I  =  TE  (l)/Shop  X  Number  of  Shops/Porce  Structure. 

These  cedculations  are  performed  for  the  checkout  and  repair  of  the 
equipment  being  studied  and  for  the  repair  of  each  module  and  component  With¬ 
in  the  equipment.  The  test  equipment  requirements  sure  sumned  over  all  the  i 
UUT's  (modules,  con^onents  and  the  equipment)  to  get  the  total  tqst 
equipment  required  for  full  equipment  repedr  capability.  '  i 

.  I 

Maintenance  Manpower  Calculations 

'  •  .  *.  t 

The  equations  for  the  calculation  of  maintenance  manpower  requirements 
are  derived  in  a  similar  manner  using  the  AMMH  values  for  the  UUT,  In  • 
equation  form, 

MOS  (I)  =  (AMMH  of  UUT)  . 

(MOS  Hours  Available) 


MOS  (I)  per  shop  =  ’  (AMMH  of  UUT)  ■(UUT*s/5hop) 

(operating- Hrs/Shop  x  Derating  Days/Xear  X  PF) 

where  PF  =  Productivity  Factor 

!  ! 

The  productivity  factor  indicates  the  percentage  of  the  time  the 
repairman  is  productive  when  he  is  available^  , 

And  for  the  total  force  structure  this  becomes, 

Total  MOS  (l)  =  MOS  (l)/Shop  x  Number  of  Shops/Force  Stioicture. 


Stockage  Cedculations 

Stockage  calculations  a.re  baised  on  the  Initial  Provisioning  Manual, 

TM  38-715-1  for  the  Initial  Provisioning  Stock,  and  on  the  Consumption 
rate  for  Reorder  Stock.  The  model  calculates  stockage  requirements  in  a 
similar  manner  to  the  way  it  is  now  done  manually.  i 

There  are  two  types  of  Initial  Provisioning  Stockage-;  Non-repairable 
stock  and  repairable  stock.  Non-repairable  stock  is  stockage  for  items 
that  are  not  repaired  such  as  parts. and  "throwayay"  items,  i.ie.,  throwaway 
modules,  throwaway  components  and  throwaway  equipments.  Repairable 
stock  is  stockage  for  items  that  are  repaired  such  as  rejpairable  modules, 
components  and/or  end  items.  , 


For  non-repairable  stockage,  three  classec  are  csdculated  for  initial 
■provisioning: 

,  'l)  Initiail  Issue  Quantity 

(2)  Order-Ship  Quantity 

(3)  Replacement  Quantity 

Initial  Issue  Quantity  is  the  issue  of  stock  that  is  placed  in  the 
field  concurrently  with  the  initial  deployment  of  an  equipment.  Order- 
Ship  Stockage  is  the  stock  that  is  necessary  to  fill  the  stockage  pipe¬ 
lines  eind  is  based  on  the  turneuround  time.  Finally,  the  Replacement 
•  Queintity  is  the  non-repairable  stock  located  at  the  depot  that  is  utilized 
as  back-up  or  replacement  stock  for  the  field  stockage  as  it  is  used  up. 

For  repairable  stock  there  is  no  need  for  intial  issue  stockage  or 
replacement  stockage.  Since  the  item  in  question  Is  repairable,  it  Is  not 
lost  to  the  system  when  a  failure  occurs.  The  only  stockage  that  is 
required  is  pipeline  stock  which  is  used  to  replace  the  failed  item  while 
it  is  being  repaired  (turned  around).  This  stockage  is  analogous  to  Order- 
Ship  Stockage  for  non-repairables. 

The  first  step  in  the  derivation  of  the  equation  to  calculate  initial 
issue  stock  is  to  determine  the  nianber  of  failures  within  a  I5  day  period. 

Failures/15  days  =  Operating  Hours/Day  x  Number  of  Days/Year 
X  0.04  Mean-Time-Between-Failure  (NCTBF) 

1 

This  mesuQ  demand  per  shop  for  the  stockage  objective  (B)  iB  calculated 
as  follows; 

Mean  Demand  =  F8Lilures/l5  days  x  Number  of  Uses/Equiproent 
X  Number  of  Eiuipments/Shop  x  B, 

where  B  =  Number  of  I5  day  periods  in  stockage  objective  which  is  defined 
as  the  amount  of  time  for  which  a  maintenance  level  is  allowed  to  stock. 

Thus,  the  stock  required  for  a  given  protection  level  (K)  at  a 
particular  support  shop  becomes, 

■Initial  Issue  Stock  =  Mean  Demand  +  K  (Mean  Demand)? 

The  total  stock  required  for  the  entire  force  structure  is  therefore, 

Initial  Issue  Stock/Force  Structure  =  Initial  Issue/Shop  x  Number  of 

Shops  in  Force  Structure. 
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CombiniDeS  these  three  types  of  stockage,  the  Initial  Provisioning 
Quantity  for  non-repairables  becomes, 

TotaQ.  Initial.  Provisioning/Force  Structxire  =  Initial.  Issue  Stock/ 

Force  Structure. 

Order-Ship/Stock 
Force  Structure. 

+  Replausement  Stock/ 

Force  Structure. 

As  mentioned  previously,  only  pipeline  stockage  is  required  for 
repalrables  as  coii5)ensation  for  the  tumarovmd  time  necessary  to  arffect 
a  repair  on  a  fadled  item.  The  equation  for  calculating  the  Mean  Demand 
for  pipeline  stockaige  per  shop  is 

Mean  Dememd  =  Failure  s/l5  days  x  Turnaround  Time  x  Humber  of  uses/ 
Equipment  x  Number  Equipment /Shop. 

For  a  given  protection  level  K,  the  Pipeline  Stockage  is 

Pipeline  Stockaige  =  Mean  Demamd  +  K  (Meam  Demand).^ 

Per  Shop 

The  total  stock  required  for  the  entire  force  structure  is 

Pipeline  Stockaige/Force  Structure  =  Pipeline  Stock/Shop  x  Shops/ 

Force  Structvire. 

Reorder  Stockage  js  calculated  for  both  repalrables  auid  non-repadrables, 
and  is  based  on  the  consimiption  rate.  For  non-repairables  the  Reorder 
Stockage  is  equail  to  the  number  of  failures  expected  in  the  force  structure 
and  the  life  cycle  plus  those  failures  which  will  be  caused  by  attrition. 
Reorder  Stockage  for  repalrables  is  simply  the  number  of  failures  caused 
by  attrition  as  adl  Ovher  failures  are  corrected  by  repair  rather  tlan 
replacement  action. 

Availability 

GEMM  calculates  the  operationeil  availability  of  the  equipment  under 
consideration  at  tne  organizational  level.  Tnis  operational  availability 
is  the  actual  availability  of  the  equipment  to  the  equipment  user.  The 
gener^  formula  for  operational  availability,  Ao,  is: 

Ao  = _ Meeui  Time  Between  Equipment  Failure _ 

Mean  Time  Between  Equipment  Failure  +  Mean  Equipment  Down  Time. 
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Mean  Time  Between  Equipment  Failure  is  £Ui  input  to  the  model  while  the 
Mean  Down  Time  of  the  equipment  must  he  calculated  within  the  model.  Mean 
Down  Time  (MDT)  for  the  equipment  can  be  stated  asJ 

MDT  =  (Probability  of  Equipment  Spare  on  Haind)  (Mean  Check-out  Time  of 
Equipment)  +  (1  -  Probability  of  Equipment  Spare  on  Hand)  (Mean 
Check-Out  Time  of  Equipment  +  Turn  Around  Time  for  Equipment). 


This  formula  a^svunes  that  if  an  equipment  spare  is  available,  it  can 
be  obtained  in  time,  t,  where  t  =  0.  The  Turn  Around  Time  for  equipment 
is  the  time  required  to  transport  the  equipment  to  a  maintenance  shop  for 
whatever  maintenance  is  required  to  repair  it  to  its  previous  operational 
condition.  The'  only  unknown  in  this  equation  is  the  equipment  Tum-Around 
Time  (TTE).  This  variable  can  be  calculated  as  follows: 


TIE  =  Treuisportation  Time  +  Waiting  Time  for  Service  + ’(Probability  of 
Con?)onent  Spare  on  Hand)  (Mean  Time  To  Repair  Equipment)  +  (l  - 
Probability  of  Component  Spare  on  Hand) (Mean  Time  To  Repair 

Equipment  +  Tum-Around  Time  for  Component). 

% 

Once  again,  the  unknown  variable  is  the  Tum-Ai'ound  Time,  in  this  case,  the 
Tum-Around  Time  for  the  Component  (TTC) .  This  variable  is  determined  in 
the  same  manner  as  TTE.  Therefore, 

TTC  -  Transportation  Time  +  Waiting  Time  for  Service  +  (Probability  of 
'Module  Spare  on  Hand)  (Mean  Time  To  Repair  Component)  (1  - 
Probability  of  Module  Spare  on  Hand)  (Meem  Time  To  Repair  Component 
+  Turn  Around  Time  for  Modijle). 

The  eauation  to  calculate  the  Tum-Aro.  nd  Time  for  the  Module  (TIM)  is 

TIM  =  Transportation  +  Waiting  Time  for  Service  ->  (Probability  of  Parts 
Stock  on  Hand)  (Mean  Time  To  Repair  Mod’ule)  +  (l  -  Probability 
of  Pairts  Stock  on  Hand)  (Mean  Time  To  Repair  Module  +  Requisition 
Time  for  Part). 

In  this  equation  there  are  no  unknowns  as  the  Requisition  Time  for  Parts  is 
an  input  to  the  model.  The  complete  equation  for  Ao  is  given  in  Figure  7* 

The  transportation  and  waiting  time  depend  on  the  levels  of  the  respect¬ 
ive  repair  actions  and  the  repair  times  depend  or.  the  module,  component, 
etc.,  respectively.  The  Tum-Around  Time  for  parts  '.s  a  function  of  the 
level  of  parts  stockage  as  would  be  expected.  The  GEMM  Model  considers  the 
variat  ons  internally  and  will  yield  the  operational  availability  of  the 
equipment  to  the  equipment  user. 
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In  the  case  of  a  tlirowaway  end  item,  component,  or  module,  the  turn¬ 
around  time  of  that  item  would  be  the  time  consumed  in  obtaining  a 
replacement  for  that  item  if  one  were  not  available  at  the  level  where 
maintenance  was  being  performed. 

Inventory  Management  Calculations 

Inventory  Management  costs  for  stockage  inventories  are  ceuLculated  by 
the  use  of  an  inventory  factor.  This  inventory  factor  is  a  percenteige  of 
the  total  stockage  costs  over  the  I'.fe  cycle  being  considered. 

The  .nitial  provisioning  quantity  m  nus  the  amount  consumed  during  the 
initial  provisioning  period  is  maintained  throughout  the  life  cycle  and 
reorder  stock  is  requisitioned  for  each  year  after  the  initial  provisioning 
period  as  stock  is  consumed.  An  average  reorder  stockage  is  considered 
since  the  stock  is  not  on  hand  for  the  entire  period.  This  average  is 
approximated  by  one-half  of  the  total  reorder  stock  since  theoretically, 
at  the  beginning  of  each  year  there  will  be  a  large  quantity  of  reorder 
stoc’-  on  haind  and  at  the  end  of  the  year  there  will  be  none.  Thus,  the 
reorder  stock  divided  by  two  is  the  average  reorder  quantity  on  hand 
during  the  year.  The  formula  yielding  the  inventory  management  cost  is 

Inventory  Minagement  Cost  (Initial  Provisioning  viuantity  -  Stock 

for  Life  Cycle  =  Consumed  During  Initial  Provisioning  Period)/2 

+  Initial  Provisioning  Stock  remaining  x  the 
remaining  Life  Cycle  +  Reorder  Stock/2  x  Cost 
of  Stock  X  Inventory  Factor. 

Mainteneuice  Training  Calculations 

Training  costs  reflect  the  nximber  of  mairtenance  personnel  required, 
the  type  of  MOS  and  the  turnover  rate  of  maintenance  types.  The  fortmila 
for  maintenance  training  is; 

Tredning  Costs  =  Number  of  MOS  type  x  Cost  of  Training  per  MOS  type  x 
Life  Cycle  (years) /Turnover  Rate 

Publications  Cost  Calculation 

Publications  cost  are  ceilculated  for  the  check-out  equipment,  fault- 
isolate-to-component,  fault-isolate-to-module  and  fault-isolate-to-part 
maintenance  functions.  In  general. 

Publications  Cwst  =  Cost  per  page  x  Number  of  pages  required  for 

specific  maintenance  action 
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Research  and  Development  Cost 

This  is  the  total  cost  of  research  and  development  euad  Is  eus  input 
into  the  model.  It  is  useful  for  sensitivity  Euaalysis  to  reflect  changes 
in  research  euad  development  costs  when  ecjuipment  design  and  failvire  rates 
are  changed. 

Production  Cost 

This  is  simply  an  estimate  of  the  total  production  costs  including 
the  cost  of  prime  equipment. 

Overhaul  Costs 

Overhaul  costs  are  considered  using  a  time-between-overhaul  (TBO)  euad 
a  cost  per  overhaul  as  input  information.  Overhaul  costs  may  be  consideired 
for  modules,  components  and  the  end-item.  The  equation  for  overhaul  cost 
is: 

Cost  of  Overhaul  =  Equipment  Ltfe  Cycle/TBO  x  Cost  per  Overhaul. 


CHAPTER  VI 


SENSITIVm  ANALYSIS 


Purpose 

Aside  from  the  maintenance  sillocation  optimization  process  contained 
in  GEMM,  the  sensitivity  analysis  capability  of  GEMM  is  its  most  powerful 
attribute.  Sensitivity  analysis  has  two  major  uses.  The  first  is  to 
determine  the  effect  of  changes  in  different  key  variables  on  support 
life  cycle  costs  and  operational  avsdlablllty.  Not  only  may  the  effect 
of  one  variable  be  measured,  but  the  effect  and  interaction  of  severs^, 
variables  may  be  studied  at  one  time.  This  is  necesssuy  because  the 
physical  variables  which  are  simulated  in  a  support  model  do  not  act 
independently.  Though  the  chsuige  of  one  variable  by  Itself  may  seem 
advantageous,  it  may  not  be.  It  is  possible  that  the  perturbation  of 
one  variable  may  cause  a  change  in  einother  or  several  other  variables 
which  is  detrimental  to  the  system  considered  as  a  whole. 

Cost  Effectiveness 

It  is  for  this  reason  that  a  sensitivity  emedysis  is  performed  on 
reliability  euad  maintainability  factors  to  see  what  effect  different  combina¬ 
tions  of .these  factors  will  have  on  system  costs  pnd  effectiveness.  This  is 
a  tool  which  allows  the  system  designer  or  manager  to  evaluate  the  effect 
his  decisions  will  have  on  costs  and  effectiveness  before  they  are  initiated. 
Therefore,  errors  that  are  made  will  effect  paper  exercises  and  not  actual 
hardware. 

Sensitivity  of  Variables 

The  second  major  use  for  sensitivity  analysis  is  to  test  the  sensitivity 
of  different  variables.  Unfortxmately,  design  predictions  eind  field  data 
eire  not  one  hundred  percent  reliable.  Therefore,  it  is  necesseuT-  to  know 
how  sensitive  a  variable  :s,  or  how  far  off  an  estimate  of  a  variable  can 
be  without  affecting  the  solution  received  by  using  eui  estimate  of  that 
variable.  In  other  words  the  risk  associated  with  using  a  certain  value 
of  a  variable  may  be  investigated  by  using  sensitivity  analysis  to  deter¬ 
mine  the  changes  to  system  values  when  a  given  variable  is  varied  over  a 
range  of  values.  This  option  allows  the  system  planner  to  evaluate  his 
decisions  armed  with  the  probable  outcomes  of  his  decisions  if  veuriables 
do  not  teJce  on  the  values  his  predictions  suggest. 

Support  Parameters 

The  following  support  parameters  cem  be  varied  over  a  range  of  values 
during  sensitivity  analysis,  either  separately  or  in  combination  with  each 
other: 


(a)  MTBF’8 

(b)  MTTR’s 

(c)  Cost  of  Eq,uipment 

(d)  Test  Eiuipment  Information 

(e)  Meuipower  Information 

(f)  Weight  of  ipment 

( g)  Force  Structure 

(h)  Transportation  Information 

(i)  Requisition  Times 

(j)  Operating  Hours  Per  Shop 

(k)  Stockage  Confidence  Limits 

(l)  Attrition  Rate 

(m)  'Stockage  Objectives  &  Order-Shipping  Time 

(n)  Economic  Life 

(o)  Training  Factors 

(p)  Inventory  Management  Factor 

(q)  Maintenemce  Policies 

(r)  Research  and  Development  Cost 

(s)  Round  up  Option 

(t)  Maintenance  Publications 

(u)  Overhaul  Considerations 

Optimization  Under  Constraints 

The  Sensitivity  Analysis  f^-snction  of  the  GEMM  Model  provides  a  vehicle 
for  optimization  of  system  pareuneters  under  constraints.  The  GEWM  Model 
itself  minimizes  support  life  cycle  costs  with  no  constraints. 

Using  sensitivity  emalyslr.  it  is  possible  to  obtain  different  combina¬ 
tions  of  life  cycle  costs  and  operational  availability  for  different  values 
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of  key  system  parameters.  From  these  combinations  of  output  it  is  possible 
to  eliminate  combinations  of  parameters  which  do  not  meet  operational  con¬ 
straints  and  to  choose  that  combination  of  par^eters  which  minimizes  or 
maximizes  an  objective  function  subject  to  the  constraints  of  the  problem. 

Figure  8  is  an  example  of  how  this  type  of  optimization  may  be  awicom- 
plished  using  GEMH  as  a  vehicle.  By  using  the  sensitivity  auialysis  option 
of  GEMt4  on  stockage  confidence  levels,  a  table  such  as  the  one  in  Figure  6 
may  be  obtained.  Looking  at  the  vailues  in  the  table,  suppose  we  are  con¬ 
strained  to  have  a  confidence  level  on  stockage  of  at  leaist  80  percent 
and  a  constraint  of  93  percent  on  operational  availability.  We  would  like 
to  determine  the  combination  of  parameters  that  would  yield  the  minimum 
support  life  cycle  costs.  In  this  case,  it  is  policy  3  with  life  cycle  costs 
equal  4.6  million  dollars,  confidence  limit  equhl  85  percent,  amd  avail¬ 
ability  equal  to  93  percent.  It  is  possible  under  another  application 
that  policy  4,  5j  6  or  7  mi^t  have  been  least  cost  and  still  met  the 
constraints  of  the  problem. 


The  exan5)le  given  is  a  simple  one  but  illustrates  how  GEMM  may  be  used 
to  optimize  under  constraints.  The  number  of  constraints  that  may  be 
applied  is  limited  only  by  the  ajiount  of  sensitivity  analysis  which  is 
performed  by  the  model.  The  number  of  constraints  may  range  from  0  to  a 
maximum  of  54  different  types. 

The  process  of  optimization  under  more  than  one  constraint  is  accomplish¬ 
ed  in  the  same  manner  as  one  with  1  or  2  constraints,  as  combinations  are 
eliminated  from  consideration  as  soon  as  any  of  the  constraints  are  violated. 
If  several  combinations  meet  all  constraints,  then  the  least  cost  combina¬ 
tion  is  chosen  as  optiirrjra. 
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LIFE  CYCLE 
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AVAIIABILITY 

CONPIDaiCE 
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1 

1.2 

•75 

.75 

2 

.83 

.80 

3 

TT] 

.93  • 

.85 

k 

7.9 

•  95 

.90 

5 

8.3 

.96 

.95 

6 

9.2 

.99 

.975 

7 

10.2 

.999 

.99 

Figure  8,  Optimization  Under  Constraints 
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CHAPTER  VII 


COmOL  AHD  DATA  CARD  ARRANGEMBOTS 

General 

This  chapter  discusses  the  card-deck  arrangement  and  input  card  formate 
required  for  operation  of  the  GEMM  Model.  The  deck  arrangement  discussad 
herein  is  for  processing  on  the  Borroughs  5500  con5>uter  using  card  input.  A 
detailed  step  by  step  input  procedure  is  included  which  requires  no  prior 
data  processing  knowledge  for  its  use.  The  process  control  cards  required 
specifically  for  the  Borroughs  nachine  are  not  listed  but  may  be  obtained 
from  the  Conmutation  Agency. 

GEMM  Card  Deck  Arrangement 

Figure  9  shows  the  overedl  card  deck  arrangement  to  be  usid  when  the 
GEMM  program  is  run.  The  GEMM  Progrem  Deck  is  loaded  and  behind  it  is 
placed  the  Data  and  Program  Control  Deck  and  then  the  Sensitivity  Analysis 
Deck. 

Figure  10  shows  the  arrangement  for  the  Data  and  Program  Control  Deck. 

The  cards  are  specified  by  card  types  auad  the  shaped  cards  indicate  cards 
which  may  not  necessarily  be  used  depending  on  the  specific  use  of  the  GEWM 
Progrem. 

(1)  Card  type  1-4  are  required. 

(2)  Card  type  5  is  a  control  card. 

(3)  Card  types  6-8  are  used  if  the  value  of  card  type  5  is  1,  other¬ 
wise  they  are  omitted. 

(4)  Card  type  9-42  are  required. 

(5)  Card  type  43  is  a  control  card. 

(6)  Card  types  44-46  are  used  if  the  value  of  card  type  43  is  1,  other¬ 
wise  they  are  omitted. 

(7)  Card  type  47  is  used  if  the  value  of  card  type  43  is  0. 

(8)  Card  types  48-53  are  required. 

FiguJre  ?tl  illustrates  the  sensitivity  variable  groups  that  may  be  used 
to  perform  sensitivity  analysis.  Any  one  of  these  groups  or  any  combination 
of  these  ??roups  may  make  up  a  sensitivity  run.  All  this  meauis  is  that  after 
the  initial  model  run,  one  or  several  variable  veilues  are  changed  automatically 
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Figure  10.  Data  &  Program  Control  Deck  Arrangement 

CT  -  Card  Type 
COT  -  Control, Card  TVpe 


Sensitivity  10 


*l*^^'A*fc*  * A«^ 


to  determine  its  effect  on  life-cycle  support  costs  or  operational  avail¬ 
ability. 

If  any  of  the  information  for  any  of  the  sensitivity  group  is  used  all 
the  information  for  that  group  must  be  re-read. 

Figure  12  shows  the  deck  arrangement  for  sensitivity  analyst ..  The 
first  C8u’d  is  a  control  card  type  5'*'  containing  the  number  of  sensitivity 
group'.  The  next  group  of  cards  are  the  card  types  which  make  up  that 
sensitivity  group.  If  other  sensitivity  groups  are  to  be  changed  a  type 
5^  card  is  required  for  each  followed  by  the  card  types  to  be  changed. 

The  next  card  ia  a  control  card  type  containing  a  0  to  indicated  the  end 
of  the  sensitivity  group  cards.  These  groups  of  cards  (control,  sensitivity 
and  control)  are  repeated  for  each  sensitivity  variation  desired.  The  last 
card  of  the  deck  is  another  control  card  type  containing  a  100  to 
indicate  the  end  of  sensitivity  variations.  If  no  sensitivity  analysis  is 
run  the  only  card  in  the  sensitivity  sinalysis  deck  is  a  typa  5^  card  con¬ 
taining  the  nui  er  100.  The  sensitivity  groips  are  as  follows; 

Sensitivity  1  -  Mean-Time-Between-Failure  Information 
Sensitivity  2  -  Mean-Tirae-To-Repair  Information 
Sensitivity  3  “  Acquisition  Cost  Information 
Sensitivity  4  -  Test  Equipment  Information 
Sensitivity  5  -  Manpower  Information 
Sensitivity  6  -  Weight  Information 
Sensitivity  7  -  Force  Structxure  Information 
Sensitivity  8  -  Transportation  Information 
Sensitivity  9  •  Requisition  Times  and  Waiting  Times 
Sensitivity  10-  Operating  Hours  Per  Shop 
Sensitivity  11-  Confidence  Levels,  Fetlse-No-Gos,  Attrition 
Sensitivity  12-  Stockage  Objectives,  Order-Ship  Times  turnaround 
times  and  Reorder  Period 
Sensitivity  13-  Economic  Life 

Number  of  Days  of  Operation  of  the  Equipment  eind 
Maintenance  Shops,  Operating  Hours  Per  Day  of  Equipment. 
Sensitivity  14-  Training  Cost  for  Manpower 
Sensitivity  15-  Inventory  and  Training  Factor 
Sensitivity  l6-  Known  Maintenance  Allocation  Policy 
Sensitivity  17-  Maintenance  Policies 
Sensitivity  l8-  Research  and  Development  Cost 
Sensitivity  19-  Round  Up  on  Test  Equipment  and  Manpower 
Sensitivity  20-  Publications  Cost 
Sensitivity  21-  Overhaul  Considerations 
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Control  Caid 
Type  54  (lOO) 


Figure  12.  Sensitivity  Analysis  Deck  Arrangement 


Data  for  GiJiM  Card  Types 

Distances  given  are  in  miles,  veight  is  "n  pounds  and  time  is  in  hours 
unless  specified  otherwise.  The  data  is  as  follows  in  the  format 
Indicated; 

Type  One  Card  - 

Column  1-3  -  Number  of  Con^jonents  (right  justified) 

Column  h-6  -  Number  of  Classes  of  Parts  (right  justified) 

Type  Two  Card  - 

Column  1-3  -  Number  of  Modules  in  Component  1 
Column  4-6  -  Number  of  Modules  in  Component  2 


(3  columns  for  each  number,  ri,-^t  justified,  10  numbers  per  caurd) 
Type  Three  Card  - 

Column  1-3  -  Number  of  Class  1  parts  in  Module  1  of  C:jmponent  1 
Column  4-6  -  Number  of  Class  2  parts  in  Module  1  of  Component  1 


(Continue  for  all  classes  on  same  card.  One  card  foe  each  of 
the  modules  of  Component  1,  then  all  modules  of  all  other 
components).  (Right  justified,  20  numbers  per  card). 

Type  Four  Caid  - 

Colvimn  1-8  -  Mean-Time-Between-Failure  for  Part  Class  1. 

Column  9-16-  Mean-Time-Between-Failure  for  Part  Class  2. 


(Continue  for  each  Part  Class,  right  justified  with  two 
decimal  places,  10  numbers  per  card). 

Type  Five  Card  - 

Column  1  -  Reliability  Assessment  Indicator  a  1  in  column  1  indicates 
you  will  read  the  Type  6,  7,  8  cards.  A  zero  in  Column  1 
Indicates  that  GEMM  will  apportion  the  module,  component, 
and  end  item  mean-tirae-between-fedlure  numbers.  If  so 
skip  to  card  type  9. 
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Type  Six  Card  - 

Column  1-8  -  Meem-Tlme-Between-Failure  for  Module  1  of  Con5>onent  1 
Column  9-16-  ^fe^ln-Time-Between-Failure  for  Module  2  of  Component  1 


(Continue  for  each  module  of  con^jonent,  one  card  for  each 
component,  10  numbers  per  card,  two  decimals). 

Type  Seven  Card  - 

Column  1-8  -  Mean-Time-Between-Failure  for  Conponent  1 
Column  9-16-  Mean-Time-Between-Failure  for  Component  2 


(Continue  for  all  Components)  (Right  Justified,  two  decimals 
10  numbers  per  card). 

Type  Eight  Card  - 

Column  1-10-  Mean-Time-Between-Failure  of  the  Equipment  (Right 
Justified,  five  decimal  places.) 

Type  Nine  Card  - 

Column  1-6  -  Mean-Time-To-Check-Out  the  Equipment 
Column  7-12-  Mean-Tirae-To-Repair  the  Equipment  (Riffht  Justified, 
two  decimal  places) . 

Type  Ten  Card  - 

Column  1-6  -  Mean -Time -To -Repeiir  Component  1 
Column  7-12-  Meem-Tiroe-To-Repair  Conponent  2 


(Continue  for  all  Components,  Rigfbt  Justified,  two  decimals) 
Type  Eleven  Card  - 

Column  1-6  -  Mean-Time-To-Repalr  Module  i  of  Component  1 
Colvann  7-12-  Mean-Time-To-Repair  Module  2  of  Component  1 


(Continue  for  all  Modules  of  a  Component,  one  card  per  Conponent, 
right  justified,  two  decimals,  raaxintum  10  numbers  per  card). 
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Type  Twelve  Card  - 

Colvunn  1-8  -  Purchase  Price  of  an  End  Item  (Right  Justified  two  decimals) 
Type  Thirteen  Card  - 


Column  1-8  -  Cost  of  Component  1 
Column  9-16-  Cost  of  Component  2 


(Continue  for  all  components,  ten  per  card,  rij^t  justified, 
two  decimals). 


Type  Fourteen  Card 


Column  1-8  -  Cost  of  Module  1  of  Component  1 
Column  9-16-  Cost  of  Module  2  of  Con^jonent  1 


(Continue  for  all  Modules  of  Component  1.  Repeat  with  new  card 
for  each  component,  10  modules  per  card,  right  justified,  two 
decimals) . 


Type  Fifteen  Card  - 


Column  1-8  -  Cost  of  Part  Class  1 
Column  9“16-  Cost  of  Part  Class  2 


(Continue  for  all  part  types  10  per  card,  right  justified,  two 
decimals) . 


Column  1  -  Pumch  a  1  if  test  equipment  (TE)  type  1  is  used  to  check-out 
the  equipment.  Punch  a  0  if  test  equipment  type  1  is  not 
used  to  check-out  the  equipment. 


Column  2  -  1  If  TE  type  2  is  used  to  check-out  the  equipment. 

0  If  TE  type  1  is  not  used  to  check-out  the  equipment. 
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Type  Sixteen  Card  - 

Colimm  1-3  -  Number  of  Different  Types  of  Test  Equipment  (Right  Justified) 
Type  Seventeen  Card  - 


I  I'— 


g-f-nii7rfn”  • 


(Continue  for  all  types  of  TE,  with  a  (1)  or  (o)  for  ee^h  type, 
forty  nimbers  per  card,  maximum) 

Type  Eighteen  Card  - 

Coltmn  1  -  1  If  TE  Type  1  used  to  perform  equipment  repair. 

0  If  TE  Q?ype  1  not  used  to  perform  equipment  repair. 

Column  2  -  1  If  TE  Type  2  used  to  perform  equipment  repair. 

0  If  TE  Type  2  used  to  pei'form  equipment  repair. 


(Continue  for  all  test  equipment  types  per  C8u:d), 
Type  Nineteen  Card  - 

Colu’-jn  1  -  1  If  TE  Type  1  used  to  repair  Component  1, 

0  If  TE  Type  1  not  used  to  repair  Conponent  1. 


(Continue  for  each  type  of  TE,  one  card  for  each  conponent 
forty  numbers  per  card,  maximum). 

Type  Twenty  Card  - 

Coliann  1  -  1  If  TE  Type  1  used  to  repair  Module  1  of  Conponent  1. 

0  If  TE  Type  1  used  to  repair  Module  I'of  Conponent  1, 


(Continue  for  each  type  of  TE  one  card  for  each  Module  of 
Conponent  1,  then  repeat  for  edl  conponents,  forty  numbers  per 
card,  maximum). 

Type  Twenty- One  Card  - 

Column  1-8  -  Cost  of  Test  Equipment  Type  1. 

Column  9-16-  Cost  of  Test  Equipment  Type  2. 


(Continue  for  all  Test  E  uipment  Types,  right  justified,  two 
decimeJ-s,  maximum  ten  nxanbers  per  card) . 
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_  — — — — — wir>ys 


Type  Twenty-Two  Card  - 

Column  1-3  -  Number  of  different  types  of  maintenance  personnel  (MOS), 


Type  Twenty-Three  Card  - 


Column  1 


Coltram  2 


-  1  If  MOS  Type 
0  If  MOS  Type 

-  1  If  MOS  Type 
0  If  MOS  Type 


1  used  to  Check-Out  the  EcLuipment. 

1  not  used  to  Check-Out  the  Equipment. 

2  used  to  Check-Out  the  Equipment. 

2  not  used  to  Check-Out  the  Equipment. 


(Continue  for  each  Ty'pe  of  MOS,  maximum  10  per  card). 


Type  Twenty-Four  Card 


Column  1 


Colximn  2 


-  1  If  MOS  Type 
0  If  MOS  Type 

-  1  If  MOS  Type 
0  If  MOS  Type 


1  used  to  perform  Equipment  Repair. 

1  not  used  to  perform  Equipment  Repair. 

2  used  to  perform  Equipment  Repair. 

2  not  used  to  perform  Equipment  Repair. 


(Continue  for  all  MOS  Types,  maximum  10  per  card). 


Type  Twenty-Five  Card 


Colximn  1 


Column  2  - 


-  1  If  MOS  Type 
0  If  MOS  Type 
1  If  MOS  Type 
0  If  MOS  Type 


1  used  to  perform  repair  on  Component  1. 

1  not  used  to  perform  repair  on  C,.'mponent  1. 

2  used  to  perform  repair  on  Component  1. 

2  not  used  to  perform  repair  on  Component  1. 


(Continue  for  each  type  of  MOS  Type,  one  card  per  component, 

10  nvunbers  maximum  per  card). 

Type  Twenty-Six  Card  - 

Colioran  1  -  1  If  MOS  Type  1  used  to  repair  Module  1  of  Con^jonent  1. 

0  If  MOS  Type  1  not  used  to  repair  Module  1  of  Con5>onent  1. 
Column  2  -  1  If  MOS  Type  2  used  to  rei'alr  Module  1  of  Component  1. 

0  If  MOS  Type  2  not  used  to  repair  Module  1  of  Component  1. 


(Continue  for  each  MOS  Type  one  card  for  each  Module  of  Component 
1,  then  repeat  for  all  components,  right  justified,  maximimi  10 
numbers  per  card) . 
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Type  Tventy-Seven  Card 


Column  1-8  -  Salary  for  MOS  Type  1  at  level  1. 
Column  9-16-  Salary  for  MOS  Type  2  at  level  1. 


(Continue  for  each  MC^  type,  right  justified,  two  decimals, 
maximum  10  numbers  per  card,  repeat  with  one  caurd  for  each 
level  2,  3  and  h) . 


Type  Twenty-Eight  Card  - 

Coltunn  1-7  -  Weight  of  the  end  item.  (Right  justified,  two  decimals). 
Type  Twenty-Nine  Cau:d  - 


Column  1-7  -  Weight  of  Con^ponent  1. 
Column  8-l4-  Weight  of  Component  2. 


(Continue  for  all  components,  ri/^ht  justified,  two  decimals, 
Maximum  10  numbers  per  card) . 


Type  Thirty  Card  - 


Coliunn  1-7  -  Weight  of  Module  1  of  Con^ionent  1. 
Column  8-i4-  Weight  of  Module  2  of  Con^ionent  1. 


(Continue  for  all  modules  of  Component  1,  one  card  for  each 
component,  right  justified,  two  decimals,  maximum  10  niunbers 
per  card) . 


Type  Thirty-One  Ceird  - 


'  Column  1-4  -  Number  of  Eqiiipmsnt  suppi^rted  by  one  shop  at  maintenance 
level  1. 

Column  5-6  -  Blank. 

Column  7-8  -  Number  of  roaintnance  shops  at  Level  1. 


(Repeat  fields  1-8  starting  in  column  9  for  level  2  thru  4, 
right  justified,  all  one  card). 
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- - - - - 


Type  Thirty-Two  Card  - 


Column  1-6  -  Average  transpojrbation  distance  "between  level  (L)  =  1 
and  next  level  (SL)  »  1.  (Right  Justified) 

Column  7-13“  Cost  per  pound  per  mile  for  transportation  "between 

level  (L)  1  and  next  level  (NL)  =  ] .  (Right  •Justified, 
four  decimals) 


(Continue  for  L  equal  2  to  4  with  ML  eq\»l  to  1.  Then  repeat 
with  NL*2,  .L=2,  3,  k;  then  NL=3,  Ii=3>  4;  then  NL=4,  L  *4  all 
on  036  card). 

Type  Thirty-Two  A  Card  - 

Column  1-7  -  Transpoirtation  time  between  level  L=(l)  and  level  ML=(l). 

(Right  Justified,  two  decimals). 

Column  8-l4-  Transportation  time  between  L=(l)  and  NL=(2) . 

Column  15 -21 -Transportation  time  between  L=*l  and  ML=(3). 

Column  32-28-Transpoartation  time  between  L=1  and  MI.c(4). 


(Continue  on  the  same  card  for  Le2,  NIi=2,3>4;  L»3»  NI>3,4;  ]>4, 
NL*4.) 


Type  Thirty-Three  Card  - 

Column  1-4  -  Requisition  time  of  a  part  from  level  (L)*1  to  level  4. 
Column  5-8  -  Requisition  time  of  a  module  from  level  (L)  =  1  to 
level  4. 

Column  9-12-  Requisition  time  of  a  con^jonent  from  level  (L)  =  1  to 
level  4. 


(Repeat  with  one  card  for  (L)  equeO.  to  2,  3»  and  4,  right 
justified) . 

Type  Thirty-Four  Card  - 

Column  1-8  -  Requisition  time  of  an  equipment  from  level  4,  throwaway 
equipment  cewe  (right  Justified,  two  decimals). 


Type  Thirty-Four  A  Card  - 

Column  1-8  -  Requisition  time  for  an  equipment  float  at  organizational 
level. 

Type  Thirty-Five  Card  - 

Colxunn  1-h  -  Wed  ting  time  at  level  1  for  maintenance. 

Column  5-6  -  Blank. 

Colximn  7-10-  Waiting  time  at  level  2  for  maintenance. 

Column  1], -12 -Blank. 


(Continue  for  level  3  and  k,  right  justified). 

Type  Thirty-Six  Card  - 

Column  1-5  -  Operating  Hours  per  Pay  of  Maintenance  Shop  at  level  1. 
Column  6-10-  Operating  Hours  per  Day  of  Maintenance  Shop  at  level  2. 


(Continue  for  level  3  h,  right  Justified,  two  decimals). 
Type  Thirty-Six  A  Card  - 

Column  1-8  -  Manpower  Productivity  Factor,  (four  decinals,  right  justi¬ 
fied.) 

Type  Thirty-Seven  Ceu^i  - 


Column 

Column 

Column 

Column 

Column 

Column 

Column 

Colirnm 

Coliunn 

Column 


5-8  - 

9-12- 

13-16 

17-20 

21-24 

25-28 

29-32 

33-36 

37-40 


Column  41-43-: 


Number  of  standard  deviations  that  yields  confidence  limit 
desired  for  part  stockage.  (Z  value,  normal  distribution). 
Z  vedue  for  module  stockage, 

Z  vadue  for  equipment  stockage. 

Z  value  for  equipment  stockeige. 

Confidence  limit  or  safety  level  (SL)  for  pairt  stockage. 
(SL)  for  module  stockage, 

(SL)  for  con5)onent  stock. 

(SL)  for  equipment  stock. 

Probability  of  false-no-go  at  equipment  level. 

Attrition  factor.  (All  previous  fields  right  jixstified, 
three'  decimeds). 

•Requisition  objective  period  in  months  (right  justified,  no 
decimads). 


Type  Thirty-Eight  Card  -  Number  of  15  day  periods 

Column  1-5  -  Stockeige  objective  at,  level  (L)  «  1. 

Coliunn  6-10-  Order  ship  time  at  level  (L)  .=  1. 

Column  11-15-Tumaround  time  for  modules  at  level  (L)  <=  1. 
Column  l6-20-Tumaround  time  for  component  at  level  (L)  =1.’ 


• 

(Repeat  with  one  card  for  eawsh  level  (L);  right  justified,  two 
decimals) . 

Type  Thirty-Nine  Caurd  - 

Column  1-5  -  Economic  life  of  the  equipment,  (right  justified,,  two 
decimals,  in  years). 

Type  Forty  Card  - 

Column  1-3  -  Number  of  days  per  year  of  operation  of  the  equipment 
(Right  justified). 

Column  4-6  -  Operating  hours  per  day  of  the  equipment.  (Right  justified 
no  decimals). 

Column  7-9  -  Numbers  of  days  per  year  of  operation  of  the  maintenance 
shops  (right  justified). 

Type  Forty-One  Card  - 

Colxann  1-2  -  Blank. 

Column  3-7  -  Cost  of  training  MOS  Type  1  (Right  justified). 

Column  8-9  -  Bleink. 

Colxmm  10-l4-Uost  of  training  MOS  Type  2. 


(Continue  for  all  MOS  types,  maximum  ten  numbers  per  c«urd). 
Type  Forty-Two  Card  •• 

Column  1-5  -  Inventory  management  factor.  (Right  justified,  three 
decimals). 

Colimin  6-9  -  Time  between  retraining  periods  for  MOS  types  at  level  1. 

(Right  justified,  2  decimals). 

Column  lO-13-Time  between  retraining  periods  at  level  2. 

Column  l4-17-Time  between  retraining  at  level  3. 

Column  18-21 -Time  between  retraining  at  level  4. 

Column  22-25-Depot  maintenemce  factor. 
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Type  Forty-Three  Card  - 

Column  1-1  If  you  are  reading  in  maintenance  allocation. 

0  If  allocation  not  read  in,  skip  to  type  kj; 

Typ-'  Forty-Four  Card  - 

Column  1  -  Level  at  which  fault  isolation  of  components  occurs. 

Type  Forty-Five  Card  - 

Column  1  -  Level  at  which  faiolt  isolation  for  modules  of  component  1. 
Column  2  -  Level  at  which  fault  isolation  for  modules  of  component  2 
takes  place. 


(Continue  for  all  conponents) . 

Type  Forty-Six  Card  - 

Column  1  -  Level  at  which  fault  isolation  of  parts  (FIP)  of  module  1 
of  component  1  takes  place. 

Column  2  -  Level  at  which  FIP  of  Module  2  of  conponent  1  takes  place. 


(Continue  for  all  modules  of  component  1,  repeat  with  one  card 
for  each  component). 

Type  Forty-Seven  Card  - 

Column  1-2  -  Number  of  policies  to  be  analyzed. 

Column  3-^  -  Number  from  Figure  3  of  a  policy  to  be  evaluated. 

Column  5-6  -  Number  from  Figxire  3  of  a  policy  to  be  evaluated. 


(Continue  for  all  policies  to  be  evaluated,  list  in  ascending 
order,  right  justified) 

Type  Forty-Eight  Card  - 

Column  1-12-  Cost  of  Research  &  Development,  two  decimals,  right  jxistified 
Type  Forty-Eignt  A  Gird  - 

Column  1-12-  Cost  of  Production  including  prime  equipment,  two  decimals, 
right  jxjstified. 


Type  Forty-Nine  Card.  - 


Column  1-1  If  round  up  on  manpower  and  test  equipment  desired. 

0  If  round  up  not  desired. 

Type  Fifty  Card  - 

Column  1  -  7  -  Cost  per  page  for  publications  (two  decin»ls,  right 
justified) . 

Type  Fifty-One  Card  - 

Column  1-5  -  Number  of  pages  of  publications  for  check-out  equipment. 

Column  6-10-  Number  of  pages  of  publications  for  repair  equipment 

(right  justified,  no  deelmeils). 

Type  Fifty-Two  Card  - 

Column  1-5  -  Number  of  pages  for  repair  component  1. 

Column  6-10-  Number  of  pages  for  repair  of  component  2. 


(Continue  for  all  eonq)ocent8,  maximum  10  to  a  card,  rlg^t 
justified,  no  decimals). 

Type  Fifty-Three  Cai^d  - 

Column  1-5  -  Number  of  pages  reqiaired  for  repair  of  module  1,  of 
component  1. 

Column  6-10-  Number  of  pages  required  for  repair  of  module  2,  of 
component  1. 


(Repeat  for  all  modules  of  component  1.  Maximum  10  nxanbers 
per  card,  then  a  new  card  for  each  component). 

Type  Fifty-Four  Card  - 

Column  1-3  -  Cost  of  overhaul  for  end  item  (right  justified,  two 
decimals) . 

Type  Fifty-Five  Card 

Column  1-8  -  -ost  of  overhaul  for  component  1. 

Colunaa  9“l8~  Cost  of  overhaul  for  component  2. 


'V  '. 


(Continue  for  each  component, ; maximum  10  per  card,  right 
justified,  two  decimals).  ,  '*  > 

Type  Fifty-Six  Card  -  ‘ 

Colimm  1-8  -  Cost  of  overhaul  for  module  1  of  component  1. 

Column  9-16-  Cost  of  overhaul  for  module  2  of  component  1. 


(Continue  for  all  modules  of  conqponent  1,  maximum  10  ntdnbers 
I)er  card,  right  justified,  two  decimals.  Then  repeat  for  modules 
of  each  component).  ,  .  ,  ’  ' 

Type  Fifty-Seven  Card  -  ’ 

i 

Column  1-3  -  Time-hetween-overhaul  of  the  end  item  in  years  (right 
justified. 

.  I 

Type  Fifty-Eight  Card  - 

'  , 

Column  1-3  “  Time  between  overhaul  for  component!. 

Column  4-6  -  Time  between  overhaul  for  component  2. 


(Continue  for  all  coaiponents  (right  justified). 

Type  Fifty-Nine  Card  -  ' 

Column  1-3  -  Time  between  overhaul  for  module  1  of  con^nent  1. 
Colimm  4-6  -  Tiina  between  overhaul  for  module  2  of  component  1; 


(Continue  for  all  modules  of  component’ 1.  Then  repeat  for 
modules  of  each  component.) 

Type  Sixty  Card  -  ’ 

Column  1-3  -  1-20  If  sensitivity  variable  to  be  exercise'd.  Number 
indicates  which  sensitivity  variable  to  be  exercised. 

0  indicates  the 'last  sensitivity  variable  has  been 
exercised  for  a  run- 

100  Indicates  end  of  edl  use  program.  • 


CHAPTER  VIII 


SAf.IPLE  PROBLEMS 


The  sample  problems  included  in  this  report  are  desi{pied  to  give  the 
model  user  an  idea  of  type  of  model  outputs  which  my  be  expected,  their 
form,  and  possible  uses  for  these  outputs  as  an  aid  to  decision  making. 
.These  examples  may  also  be  used  to  test  the  program  itself  if  this  is 
desired. 

Exan^ple  I.  Maintenance  Allocation 

This  example  illustrates  the  inputs  required  by  GEMM  and  the  results 
obtained  when  GEMM  is  used  to  optimize  the  maintenance  allocation  of  an 
eq[uipment/system  based  on  f-'xed  inputs.  The  equipment  being  suialyzed  is 
h;^otheticaGL  and  all  of  the  data  herein  Is  for  illustration  purposes 
only. 

The  Inputs  required  are  listed  below. 

Type  1.  Number  of  conq)onents  =  2 

Number  of  classes  of  parts  *  2 

Type  2.  Number  of  modules  in  component  (l)  =2 
Number  of  modules  in  component  (2)  =2 

Type  3*  Number  of  part  type  (l)  in  module  (l,  1)  =2 

Number  of  part  type  (2)  in  module  (l,  1)  =2 

Number  of  part  type  (l)  in  module  (1,  2)  =0 

Number  of  part  type  (2)  in  module  (1,  2)  =  10 

i  Number  of  part  type  (l)  in  module  (2,  l)  =  5 

Number  of  part  type  (2)  in  module  (2,  l)  =  0 

Number  of  part  type  (l)  in  module  (2,  2)  =  10 

Nimiber  of  part  type  (2)  in  module  (2,  2)  =  10 

Type  if-.  MTBF  for  part  class  (l)  «»  200,000  hours 

(2)  =  300,000  hours 

Type  MTBF  Identifier  =  0  (MTBF*s  apportioned) 

Type  6,  7,  8  not  used. 

Type  9‘  MTTR  Equipment  =  1.32  hours 

I 

Meantime  to  Check-Out  Equipment  =  2  hours. 


z^ 


Example  I  (Contd) 


Type  10. 
Type  11 


Type  12, 
Type  13, 

Type  l4. 


Type  15. 
Type  15. 

0^  17. 

Type  18, 
Type  19. 

Type  20. 


hour 

hour 

hours 

hours 

hours 


MTTR  of  con^jonent  (i)  ■  1.33  hours 
MITR  of  component  (?) 

MLTR  of  module  fl,  l) 

MTTR  of  rrvjdule  (1,  2) 

MTTR  of  module  (2^  l) 

MTTR  of  module  (2,  2) 

Cost  of  Equipment  =  $5000 
Cost  of  component  (l)=  $2000 

(2)=  $3000 

Cost  of  module  (1,  l)  =  $1000 
(1,  2)  =  $1000 
(2,  1)  =  $1000 
(2,  2)  =  $1000 
Cost  of  part  type  (l)  =  $5 
Cost  of  part  type  (2)  =  $10 
Number  of  test  equipment  =  3 
Teat  equipment  types  for  checkout  = 
Test  equipment  types 
Test  equipment  types 


1  and  3 

for  repair  of  eqiiipment  a  1 
for  repair  of  component  (l) 
Test  equipment  types  for  repair  of  component  (2) 
Test  equipment  types  for  repair  of  module  (1, 

for  repair  of  module 
for  repair  of  module 
for  repair  of  module 


Test  equipment  types 
Test  equipment  types 
Test  equipment  types 


(1 

(2, 

(2, 


,  2) 
1) 


2) 


=  1  and  3 
B  1  and  2 
*  3 

s»  1 
»  1 
SS  2 


Type  21.  Cost  of  Test  Equipment  type  (l)  »  $1000 

(2)  B  $700 

(3)  $200 

Number  of  Manpower  types  =  3 
Manpower  types  for  check-out  equipment  =  1 
Manpower  types  for  repair  of  equipment  »  2 
Manpower  types  for  repair  of  component  (l)  1  and  2 

Manpower  types  for  repair  of  conponent  (2)  =»  3 
Manpower  types  for  repair  of  module  (l,  l)  =1  and  2 

Manpower  types  for  repair  of  module  (1,  2)  =  1 

Manpower  types  for  repair  of  module  (2,  l)  =  3 

Manpower  types  for  repair  of  module  (2,  2)  =3 

Salary  of  manpower  type  (l)  =  $0000 
Salary  of  manpower  type  (2)  =  $10000 
Salary  of  manpower  type  (3)  =  $8000 
These  remain  the  same  for  all  four  levels. 

Weight  of  equipment  =  1000  lbs. 


Type  22, 
Type  23, 
Type  24, 
Type  25. 

Type  26, 


Type  27. 


Type  28. 
Tjqie  29. 

Type  30. 


Weight  of  conponent  (l)  =  500  lbs. 
Weight  of  component  (2)  =500  lbs. 
Weight  of  module  (l,  l)  =  200  lbs. 
Weight  of  module  (l,  2)  =  3OO  lbs. 
Weight  of  module  (2,  l)  =  30O  lbs. 
Weight  of  module  (2,  2)  =  200  lbs. 
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Exan^le  I 
Type  31, 


Type  32. 


Type  32A. 


Type  33. 


.  (Contd) 

Number  of  equipment  supported  at  level  (l)  =  125 
Number  of  maintenance  shops  at  level  (l)  =  8 
Number  of  equipment  supported  at  level  (2)  =  25O 
Number  of  maintenance  shops  at  level  (2)  =  4 
Number  of  equipment  supported  at  level(3)  =  5OO 
Number  of  maintenance  shops  at  level  (3)  =  2 
Number  of  equipment  supported  at  level  (^)  =  lOOO 
Number  of  maintenance  shops  supported  at  level  (4) 


(1,  1) 
(1,  2) 
(2,  1) 
(2,  2) 
(2,  3) 
(2,  4) 
(3,  3) 
(3,  4) 

1) 

2) 


0  miles 
20  miles 
100  miles 
400  miles 
80  miles 
350  miles 
0  miles 
300  miles 
0  miles 


Transportation  distance 
TransiKjrtation  distance 
Transportation  distance 
Transportation  distance 
Transportation  distance 
Transportation  distance 
Transpoirtatlon  distance 
Transportation  distance 
Transportation  distance 
Cost-per-pound-mile  (l, 
Cost-per-pound-mile  Tl, 
Cost-per-pound-mile  fl, 
Cost-per-pound-mile  (l, 
Cost-per-i)Ound-mlle  (2, 
Cost-per-pound-mile  (2, 
Cost-per-pound-mile  (2, 
Cost-per-pound-mile  (3/ 
Cost-i)er-pound-mile  (3, 
Cost-per-pound-mile  (4, 

Transportation  Time  (1, 

Transportation  Time  (l. 

Transportation  Time  (l, 

Transpo:ctation  Time  (l. 

Transportation  Time  (2, 

Transportation  Time  (2, 

Transportation  Time  (2, 

Transportation  Time  (3, 

Transportation  Time  (3, 

Transportation  Time  (4, 

Requisition  time  for  parts  from  level 
Requisition  time  for  parts  from  level 
Requisition  time  for  parts  from  level 
Requisition  time  for  parts  from  level 
Requisition  time  for  modiJ.es  from  level 
e  720  hours 

Requisition  time  for  modules  from  level 
=  48o  hours 

Requisition  time  for  modules  from  level 
=  240  hours 

Requisition  time  for  modules  from  level 
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=  $.000 
=  $.0001 
=  $.0001 
=  $.0001 
=  $.000 
=  $.0001 
=  $.0001 
«  $.000 
»  $.0001 
=  $.000 
=s  0  hours 
=  5  hours 
=  10  hours 
=  24o  hours 
=  0  hoxirs 
=  10  hours 
=  24o  hours 
-  0  hours 
=  24o  hours 
=  0  hours 


(4)  to  level  (l)  =  720  hrs 
(4)  to  level  (2)  =  480  hrs 
(4)  to  level  (3)  =  240  hrs 
(4)  to  level  (4)  =  48  hrs 
to  level 


(4) 

(4)  to  level 
(4)  to  level 
(4)  to  level 


(1) 

(2) 

(3) 

(4)  s  48  hrs 


Exan^le  1 


Type  3^» 

Type  3^A. 
Type  35* 

Type  36. 


Type  36A. 
Type  37. 


Type  38, 


Type  39* 
Q^pe  IjO. 


Contd 


Requisition  time  for  components  from  level  (4)  to  level  (l) 
hours 

Requisition  time  for  coinponents  from  level  (4)  to  level  (2) 
hours 

Requisition  time  for  components  from  level  (4^)  to  level  (3) 
hours 

Requisition  time  for  components  from  level  (4)  to  level  (4) 

hO’JTS 

Requisition  time  for  equipment  from  level  (4)  to  level  (l)  * 
houi'S 

Requisition  time  of  an  eqtiiianent  float  «»  2  ho’irs 
Wedtlng  time  for  maintenance  at  level  (1)  *»  2  hours 
Waiting  time  for  maintenance  at  level 
Waiting  time  for  maintenance  at  level 
Waiting  time  for  maintenance  at  level 
Operating  hours  per  shop,  level  vl)  “ 

Operating  hours  per  shop,  level  (2) 

level 
level 


.  720 
=!  480 
»  240 
»  48 
720 


(3)  = 

(4)  = 


f2j  a  4  hours 

(3)  “  6  hours 

(4)  a  8  hours 
5  hours 

5  hoturs 
10  hours 
10  hours 


Operating  hours  per  shop, 

Operating  hours  per  shop. 

Productivity  factor  «  .75 
Confidence  limits  =  95^  value  =1.65 
Prohahiiity  of  false  no-gos  *  5^ 

Attrition  factor  a  5^ 

Requirements  Objective  Period  =  12  months 
Stockage  objective  period  at  level  (1)  a  1 
Stockage  objective  period  at  level  (2)  =  2 
Stockage  objective  period  at  level  (3)  “  2 
Stockage  objective  period  at  level  (4)  a  3 
Order  shipping  time  at  level  (l)  a  1 
Order  shipping  time  at  level  (2)  a  2 
Order  shipping  time  at  level  (3)  =  2 
Order  shipping  time  at  level  (4)  =  3 
Turnaround  time  for  modules  at  level 
Txanaround  time  for  modules  at  level 
Turnaround  time  for  modules  at  level 
Tiumaround  time  for  modules  at  level 

Turnaround  time  for  components  auad  equipment  at  level  (l)  =  .5 

Turnaround  time  for  con^Kjnents  and  equipment  at  level  (2)  «  .5 

Turnaround  time  for  con^Kjnents  and  equipment  at  level  (3)  =1 

Turnaround  time  for  components  and  equipment  at  level  (4)  =  1 

Economic  life  a  10  years 

Number  of  days  per  year  of  oi)eration  of  maintenance  shops  a  365  days 
Number  of  operating  hovtrs  per  day  of  the  equipment  a  8  hours 
Number  of  days  per  year  of  operation  of  the  eqiiipment  =  365  days 


(1) 

(2) 


.5 

.5 

I 

1 


i 


1 


’I 
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Exan5>le  1.  Contd 


Type  i^l. 


Type  42. 


Type  43. 
T^  44. 
Type  45. 
Type  46. 
Type  47. 

Type  48. 
Type  49, 
Type  50. 
Type  51. 

Type  52. 
Type  53. 
Type  54. 
Type  55. 

Type  56. 


Type  57. 
Type  58. 

Type  59. 


Cost  to  train  manpower  type  (l)  =  $1000 
Cost  to  train  manpower  type  (2)  =  $1000 
Cost  to  train  manpower  type  (3)  =$1000 

Training  factor  =2.5  years  for  levels  1  -  3  and  5  years  for 
level  4 

Inventory  factor  «.01 
Depot  maintenance  factor  =  .30 
Known  allocation  identifier  =  0 
Hot  required. 

Not  required. 

Not  required. 

MMAX  =  4 

Policies  8,  9,  21,  25 

Research  and  Development  Cost  =  $1,000,000 
Round  up  equals  0. 

Cost  per  page  for  publications  =  $150. 

Number  of  pages  for  check-outs  =  I5  pages. 

Number  of  pages  for  FIC  =  20  pages. 

Number  of  pages  for  FIM  for  each  component  =  I5  pages. 

Number  of  pages  for  FIP  of  each  module  =  I5  pages. 

Cost  of  overhaxil  of  equipment  =  $400. 

Cost  of  overhaul  of  component  1  =  $0 
Cost  of  overhaul  of  component  2  =  $0 
Cost  of  overhaul  of  module  1  of  conponent  1 
Cost  of  overhaul  of  module  2  of  conponent  1 
Cost  of  overhaul  of  module  1  of  conponent  2 
Cost  of  overhaxil  of  module  2  of  conponent  2  = 

Time  between  overha\il  for  equipment  =  4  years 

Time  between  overhaul  for  conponent  1  =  50  years 

Time  between  overhaul  for  conponent  2  =  50  years 

Time  between  overhaul  for  module  1  of  conponent  1 

Time  between  overhaul  for  module  2  of  conponent  1 

Time  between  overhaul  for  module  1  of  conponent  2 

Time  between  overhaul  for  module  2  of  conponent  2 


=  $0 
=  $0 
=  $0 
$0 


50 

50 

50 

50 


years 

years 

years 

years 


The  fifty  year  figure  is  used  to  assure  no  overhaul  will  take  place. 
Type  60.  Sensitivity  variable  =  100  (no  sensitivity) 

■RT/vrrm  .  _  _  * 


NOTE; 

are  not  read  in.  Also, 
analysis  required. 


■this  example  MTBF's  are  apportioned  by  the  model  and 
since  type  60  input  is  100,  there  is  no  sensitivity 


Using  these  inputs  we  are  manipulating  the  GEMt-I  Model  to  simulate  the 
operation  of  this  equipment  for  its  entire  life  cycle.  In  this  case,  we  are 
using  the  GEMM  Model  to  determine  the  best  maintenance  policy  for  the 
equipment  to  follow  from  the  set  of  possible  maintenance  policies  listed  in 
the  inputs  based  on  life  cycle  support  costs.  The  equipment  may  follow  any 
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one  of  these  policies  or  a  combination  of  any  of  these  policies. 

In  this  example,  we  are  looking  at  a  policy  which  reflects  maintenance 
siQjport  positive,  a  throw-away  raodtile  philosophy,  a  four-level  philosophy 
and  a  throw-away  con^jonent  philosophy.  It  is  very  possible  that  the 
best  equipment  philosophy  may  be  one  in  which  some  modules  may  be  repaired 
in  the  field,  some  in  the  depot  and  others  may  be  thrown  away. 

The  first  output  from  the  GEMM  Model  is  the  input  information.  This 
allows  the  user  to  check  his  input  data  and  provides  a  record  of  the  input 
parameters  for  this  run.  The  data  is  listed  by  its  variable  name  in  the 
program.  See  Table  I. 

The  next  output  is  the  reliability  apportionment  (Table  II).  Only 
part  failiure  rates  were  input  in  this  example  and  the  program  apportioned 
the  failure  rates,  in  a  series  manner,  to  the  modules,  components,  and  the 
end  item. 


a 


•A 

% 

i 


The  next  outinit  is  the  maintenance  allocation  for  the  equipment,  its  | 
components  and  modules  (Table  III).  Here,  fault  isolation  to  coaiponentB  'j 
is  carried  out  at  level  (l).  Component  1  and  2  are  fault  isolated  to  the  ■’ 
module  at  level  (2).  In  this  case,  all  modioles  are  fault  isolated  to  the  ‘j 
part  level  at  level  (4).  For  this  example,  level  (l)  is  the  orgemlzation-  \ 
al  level  of  stqjporb,  level  (2)  is  direct  •  siq>port,  level  (3)  is  general 

siq)port,  and  level  (4)  is  the  depot  level  of  si^pport.  This  is  the  least  | 
cost  maintenance  allocation  based  on  the  input  data.  J 


The  next  output  is  a  break-out  or  the  life  cycle  support  costs  for  the  i  i 

best  maintenance  allocation  and  the  Operational  Availability  of  the  equip-  [  j 

ment  (Table  IV).  Research  and  development  and  production  costs  were  read  into  !  1 

the  model.  Test  equipment  costs,  manpower  cost  and  training  cost  are  based  !  _■ 

only  on  that  i)ercentage  of  resource  which  is  used  for  the  equipment  under  1 

consideration.  It  may  be  possible  that  a  resovurce  is  not  used  fully  at  ; 

some  given  level.  If  so,  only  a  percentage  of  the  cost  of  that  resource  is  1 

charged  to  the  equipment  under  study,  Stockage  and  inventory  costs  are  •  ; 

for  the  entire  life-cycle.  The  operational  availability  figure  is  the  ex-  5 

pected  availability  of  the  equipment  to  the  user  in  the  field.  ' 

The  next  output  is  stockage  information.  Table  V  shows  the  different 
types  of  stockage  required  for  the  maintenance  allocation  chosen  by  GEMM. 

It  is  broken-out  into  fovir  types,  parts,  modules,  components,  and  end-item 
stock.  Under  each  type,  it  is  fxirther  divided  to  indicate  the  type,  cost 
and  level  at  which  eeich  repairables  or  non-repalrables  will  be  stocked. 

The  quantities  listed  are  for  the  entire  force  structure  based  on  the 
force  structure  information  input  to  the  model.  These  are  the  initial 
provisioning  quantities.  Reorder  stock  is  simply  based  on  demand. 
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Tabic  I. _ IN P U T  i,N r Uh M A  I  I U N 


NC*  2NCLASH*  2 
NMKfCOMPONENT)«  2  2 

NUMqf<(COMP‘»MUOULt>CLASS)*  >0  50  ” 
NUhflR(COMP#PUnULt»Ct ASS)«  70  50 
MJMPR(CrMP%MUDULt#CLASS)s  70‘56" 
NUMRR(COHP>MUUULt»CLASS)«140100 
MTBFP(CLaSS)*  200000*00  300000*00 

MTBFlPg  0 _ _ _ _ 

PTTRCE*  2,00MTIK£:*  i*32 

PTTRC(C0MP)g  1* « _ 00 _ 

MTTRM(COMP*MUI)UU)*  '"UOO  “2,00 

PTT‘RM(COPP#NUUUtt?« _ 4,00 _ 3,00 

CSET*  5000,00 

CCC(CnMP)*  2000*00  3000*00 

cc(COMP^MdouLE)«“Tyoo.oo  T666,’ob"  ‘ 

CC(COPP»MnOULF )«  1000,00  2000,00 
C(CLASS)*  5,o'o'  loToO 

MEa  3 _ 

TECFCTYPEljglOl 

TEEKTYPpglOO  _ _ 

TECI(CUMP»tVpE)*101 
TECT (rUPP»TYPE)sllO 
TEHT(COMP*NnOULfcVTYFI^^Oi 
TEPI  (CUPP*  pnUUU*  TYPE  )«l  00 
TEPT  (COPP*H(luOLfc#TYPl  )rlUO 
7EPT(C0PP*PClUULE*TYPfc)*010 
TFCWrTTYPn*  nJW.OY/-  -T(70,00  PCTOiOO 
NMOS=  3 

WFcrcnPE-jiToo' . 

MOSF(TYPE)*010 
MHSrt  CUmp*  ttPEjsI  lOr 
M(JSC(CUMP*TYPE)g001 


TABLE  I.  INPUT  INFORMATION  (Contd) 

MOSM(COMP»MODULt#Ty»*t)*llO  ' 

_ MOSMCCUMF*MOUULt#TYPt)*lOO 

MosMTcdMP"*MdtruLt.ifYpn«ooi  . 

MOSH(CQMP#MOUULE>TYPi}«UO] 

McfiST(TYPE)«  floOO.OOltfOOO.Od  8006. CO - - - 

HC0ST(TYPE)«  8000,0010000,00  8000,00 

MctisT'(TYPE)i~8ooo,oor0o0D';oo  «do6;oo . .  “ 

MCOST(TYPE)«  8000,0010000,00  8000.00 

HTEw  '  iod(r;o'o  . .  . . .  - . 

WTCfCOMP)*  500,00  500.00 

hTm(C0MP#m()|3UlE)»  20D,7)0  300,00 - 

WTMfCOMP.HOOULEJ*  300,00  200.00 

NSHnp(Crv'Ei)«~  i?5*,  jr5o,~5oo;rooo;  . 

NUMrSdEVED*  0  4  2  1 

^ANSTCIEVEOnExT  LEVELJa  0.  20.  100.  400, 

U’i  ’  80,  350,  0,  300,  0, 

TRANS(LEVEL#NEXT  LEVtL)«  0,00  5,00  10,00  ?40,00  0,00 

10,00  ?40,00  0,00  240.00  0.00 

-TffSCBdEVEL.WEXT  {:EVELi«o.oouiodo,~T?a{ri 000, 0001  (nnr.ooimn) 
o;oouiuuo,(jiyoiuuu,uiruiuuuitnmtow;tratrtw 

HE0PT(UVEL»4)72O.REOMT(LEVEL(4)720.RE0CT  (LEVELM>7?0, 
RE0PY(LEVELi4548O,RFOinTLTVEL{4)Afl0,RE0OT  (LEVEL^A )480, 
REOPT<LEVEL*4)240,Rt«MT<LEVEL(A)240,REOCT  (LEVEL»4)2  . 
"■mPT(LEVEL»4y-  4r,RrVHnfCLEm(4)  A^BTREOCT  (LEvEL»«)  4{r,  -  ' 
REOET*  720, 

■  "KEOa - 2TTHJ - - 

WAITCLEVED*  2, 

■"WAlT(LtVEX)*  4,  - 

WAITCLEVEL)«  6, 
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TABLE  T.  'irUT  TKFOR.vATT(Mv'  (Contd) 


•fAITtLEVED*  e, 

UPHRSHCLEVEDa  b.OO  b. 0010. 0010, 00 
PT?Or»UCTiyE  rACTOHa  0,7b00 

Kls  1.65K?a  lc6bK3a  l«6bX_K4a  1.65TKla  0.95TK?a  Q.05TK3a  0.95 
TK4a  0.95  PENGOa  0.05aTRF«  0.05ROPal2. 

^arVEtla  i;0iraTLEVFL5*  T.OOTWNlfr  EVrCTa  •D;5crTURMi>f  LleVEL)«"Tr73Tr 

H(LfVEL)a  ?.006(l.FVtL)a  i.OOTURNKLEVEL  )a  0.50TURN2f  LEVEDa  0.50 
BUrVEDa  2.00G(LFVtl.)a  2.00TURN1  tLEVEDa  1 .00TURN2(L FVEDa  1.00 
BCLEVEDa  3.00G(LEVtL)a  3.00TUHNlf LFVEDa  1 . 00TURN2( L EvEL ) a  1.00 
LLirtalO.OO 

N0AYa3650PHHUYa  O.NUAEa365 

TMANTFTJiTa  looo.  nrurr; — twt; - 

FACHNa  0.1700THAIN(Lf  VtL)a  2.50  2.50  2.50  S.OODMFa  0.30 

KNO'WBa  0  '  ' 

POLTCIES  H  92125 

MESEAHCH  AND  DCVtlOPHENI  00*^1  1000000, OC 

PRODUCTION  rUSTa  5000000.00 


PPC^  150.00 
PGCa  IS.OOPGta  20.00 
|•GM(C(JMP)a  15,00  15.00 
PGPrCOMP.MGUUl.E)a  lb. 00  15,00 
PGP(CnMP»Nni)ULE)=  15,00  lb, 00 


TOE=  400.00 
CTUC(C0MP)a  0,00 

CTUM8CUMP»Mf)U)e  0, 

CT0M6CUPP»M(]U)8  0, 

fBOVa  4,00 

TROC(CUMP)a  50,00  50,00 


TBUM(CUMP>HllU)s  bO.OO  50,00 


Titer®  II.  RtL  1  Ah! L I Ty,  I nf 


1  FEM 


tNJi  ITEM  _ 
CUKPOfitNT  1 

component  2 

MIJUULE  1»  1 
MtlUiiLE  1>  Z. 
Mn'JUl,E  2,  1 

MUJJUU _ g£_2 

plhi  type  1 
KANT  type  2 


urmation 


mean  time  BtFHEtN  FAILURE 


^1*7,0^ _ 

967.742 

_ 645.161 

1935.484 

1935.464 

1935.484 

_ 96I»X*2 

200UU0. 

300000. _ 


TABLE  m 


MAINTENANCL  allucation 


6o 


I 


In  this  example,  initial  issue  and  order>ship  part  stock  is  required 
at  ilevel  ^  idiere  FIP  is  performed.  Replacement  stock  is  also  required  at 
level  (4).  Modvile  stock  is  required  at  level  (2)  where  FIM  maintenance 
is  performed.  Since  COE  and  FIC  are  accon^llshed  at  the  same  level  no 
end  item  float  is  required. 

■  The  next  output  is  Test  Equipment.  Table  VI  lists  the  .type,  quantity 
and  cost  of  test  equipment  required  at  each  level  of  maintenance.  Also 
listed  are  the  requirements  for  test  equipment  in  the  idiole. force  struct- 
\ire. 


Note  that  no  test  equipment  is  required  at  the  general  support  level 
since  no  maintenance  performed  at  this  level.  Also  the  values  listed 
under  ’’quantity"  are  the  percentages  of  the  test  equipment  which  is 
used  by  the  equipment  being  evaluated.  If  this  equipment  is  the  only 
equipment  using  the  test  equipment,  these  numbers  must  be  rounded  up 
to  the  nearest  whoi.  number.  A  type  49  card  with  a  value  of  1  would  cause 
both  test  equipment  and  maiq)Ower  requirements  to  be  rounded  up.  The 
information  listed  under  "Total  Test  Equipment  Requirements"  is  for  the 
entire  force  structure.  Again,  if  the  equipment  is  the  only  one  to  use 
these  test  equipment,  the  quantity  values  on  a  per  shop  basis  must  be 
rounded  up  and  multiplied  times  the  nxamber  of  each  shop  in  the  force 
structxire. 

The  last  output  for  this  exan^le  is  maintenance  personnel.  Table  VII 
shows  type  quantity  and  cost  of  the  different  manpower  categorl/^s.  The 
cos.ts  here  is  on  a  per  year  basis.  Again  the  quantity  and  cosu  information 
are  based  on  use  chargeable  directly  to  the  equipment  un&r  consideration. 
Also,  as  with  the  test  equipment,  "Total  Maintenance  Personnel  Require¬ 
ments"  31*6  based  requirements  for  the  total  force  structure. 

The  last  two  outputs,  one  graphical  and  one  table  of  cost,  availability 
and  cost-effectiveness  are  not  used  for  this  exaD5>le  since  there  is  no 
sensitivity  analysis  performed. 
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TABLE  VII.  HAlMFNANCE 

PEKSUNNEl 

PER  SHOP 

OKGINIZATIONAL  SlfKPOHl** 

MOS 

UUAM  ITT 

COST 

1 

1.3T« 

11022.22 

2 

U*9U9 

9093.33 

.  ^ 

UtOOO 

0.00 

DIRECT  SUPPORT** 

MOS 

ttUANTITY 

COST 

1 

0.733 

Sd63.6^ 

? 

0.733 

7329,78 

"  o'. 8? 7 

6613.33 

general  support** 

MOS 

ttOANl ITY 

COST 

1 

0.000 

0.00 

2 

0.000 

0.00 

*  3  ■  ■" 

'D.O'0'0 

0.00  -■ 

DEPOT  SUPPORT** 

MOS 

UUANT ITy 

COST 

1 

0  •  6'66 

. aGaaVoo 

? 

0.269 

2693.33 

3 
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\ 
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7 
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Example  2^  Maintainability  vs.  Reliability  Tradeoff 

XUe  ii^ut  data  for  our  hypothetical  equipment  is  identical  to  that 
used  in  Exan^le  1.  In  this  example  ve  are  interested  in  knowing  the  effect 
changes  in  Reliability  and  Maintainability  have  on  support  life  cycle  costs 
and  operational  availability. 

To  accon^lish  this  we  employ  the  sensitivity  analysis  option  of  GEMM. 

In  this  case,  we  will  make  four  sensitivity  runs  pertvurbing  each  time; 
the  mean-time-between-fedlure  (MTBF)  of  parts,  the  mean-time-to-repair  (MTTR) 
of  the  equipment,  conponents  and  modules,  and  also  the  acquisition  cost  of 
the  equipment,  conponents,  modules  and  parts. 

Table  VIII  shows  the  values  over  which  these  parameters  are  varied. 

For  each  sensitivity  mm  there  is  a  set  of  parameter  values.  These  sets  of  ■ 
values  may  be  thought  of  as  the  parameter  values  given  by  four  different 
contractors  vying  for  a  development  contraict. 


TABLE  VIII.  SENSlTIVITy  VALUES 


PARAMETER 
MTBF  Type  1  Parts 
MTBF  Type  2  Parts 
MTTR  Checkout  Eqpmt 
MPTR  Equipment 
MTTR  Component  1 
MKPR  Component  2 
MTTR  Module  (1,1) 


SENSITIVITY 
50000  hrs 
75000  hrs 
.5  hrs 

•  5  hrs 

•  5  hrs 
.5  hrs 

•  5  hrs 


SENSITIVITY  2  SENSITIVITY  3  SENSITIVITY  4 
100000  hrs  200000  hrs  ‘300000  hrs 

150000  hrs  300000  hrs  400000  hrs  | 

^•5  hrs  2  hrs  4  hrs  i 

«75  hrs  1.32  hrs  2.0  hrs 

1.0  hrs  1.33  hrs  3.  hrs 

.75  hrs  1.0  hrs  5.0  hrs 

.75  hrs  1.0  hr  2.0  hrs  I 


MTTR  Module  (1,2) 

.5  hrs 

1.0  hrs 

2.0  hrs 

6.0  hrs 

MTTR  Module  (2,1) 

2  hrs 

3  hrs 

4  hrs 

8  hrs 

MTTR  Module  (2,2) 

1  hrs 

2  hrs 

3  hrs 

4  hrs 

Part  Cost  lype  1 

JfJ.OO 

$80.00 

$5.00 

$10.00 

Bart  Cost  lype  2 

$5.00 

$14.00 

$10.00 

$20.00 

Equipment  Cost 

$2500.00 

$3000,00 

$5000.00 

$15000.00 

Component  1  Cost 

$1500.00 

$1500.00 

$2000.00 

$5000.00 

Component  2  Cost 

$1000.00 

$1500.00 

$3000.00 

$10000.00 

Module  (1,1)  Cost 

$  500.00 

$5.00 

$1000.00 

$2000.00 

Module(l,2)  Cost 

$  500.00 

$  750.00 

$1000.00 

$2000.00 

Module  (2,1)  Cost 

$  500.00 

$  500.00 

$1000. 00 

$2000.00 

Module  (2,2)  Cost 

$1000.00 

$1250.00 

$2000.00 

$4000.00 

In  this  ecanple,  ve  are  optimizing  over  the  same  four  policies  that  we 
evaliiated  In  Bxan^le  1>  hut  this  time  the  optimization  is  accomplished  with 
the  original  data  and  the  four  groups  of  sensitivity  data.  For  each  set  of  data 
the  same  output  is  obtained  as  in  Example  1. 

Table  IX  depicts  the  maintenance  allocation  for  the  second  sensitivity 
run.  Module  one  of  component  one  is  thrown  away  at  level  2  while  all  the 
other  modules  are  repaired  at  depot  level  (4).  Thl**  table  illustrates  that 
thru  optimization  repair  of  modules  of  the  same  co.  ^nt  can  be  allocated 
to  different  xevels.  This  versltility  in  a  model  is  iv-quired  since  one  modtile 
may  be  mostly  electronic  and  may  be  repaired  in  the  field,  and  another  module 
may  be  optical  in  nature  and  may  have  to  be  sent  to  the  depot  for  repair* 

Table  X  is  a  summary  table  ^dilch  show  for  each  sensitivity  run  the 
life  cycle  cost,  the  operational  availability  and  the  cost-effectiveness. 
Cost-effectiveness  is  defined  as  availability  divided  by  life  cycle  cost. 

This  table  is  tiseful  if  a  constrained  optimum  solution  is  required.  In  this 
exan?>le  policy  1  is  the  original  data,  policy  is  the  first  sensitivity  run 
and  so  on  for  policies  3f  4  and  5* 

Stippose  there  is  a  constraint  on  operational  availability  that  it  must 
be  greater  than  99  percent.  This  constraint  would  eliminate  policies  2  and  3 
from  consideration.  Of  the  policies  remaining,  policy  4  is  the  least  cost  . 
idille  meeting  the  operational  availability  constraint.  The  life-cycle  cost  is 
$25.26  million  and  the  operational  availability  is  .9909*  Policy  4  is,  also 
the  most  cost-effective  system.  That  is,  you  receive  the  most  availability 
per  \inlt  dollar  with  policy  4. 

The  last  three  outputs.  Figure  13,  l4  and  I5  are  graphical  outputs. 

Figure  13  provides  a  graph  of  life-cycle  cost  vs.  different  sensitivity 
runs.  The  first  bar  is  for  the  original  data  and  the  remaining  bars  are  for 
the  sensitivity  nans.  Cost  is  in  millions  of  dollars  and  each  dot  is  one 
million  dollar.  Figure  l4  is  a  graph  of  availability  vs.  sensitivity  run  and 
the  last  graph  is  cost-effectiveness  ^ere  each  dot  is  a  unit  of  cost-effect¬ 
iveness. 

These  graphs  are  designed  to  give  the  user  .a  graphical  representation 
of  decision  factors  and  to  aid  the  user  in  any  trend  analysis. 
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•ABl^  pc. 


2  t  _  4 
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TABIJ;  X.  &UMMAKY  I  ABLE 


polTcy 

cnsT 

AVAIL 

cost-Eff 

1 

25t2A013 

99,099 

3.9231 

2 

4l,209lB 

97,352 

2.3624 

3 

36.40519  ■ 

98,510 

S.TST'T 

4 

25.26013 

99,099 

3,9231 

'sT 

39.6879? 

99,214 

2.4999 
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FIGURE  15  COST  EFFEClIVtNESS  VERSUS  POLICY 


CHAPTER  EC 
CCaiCLlSION 

The  GEMM  development  program  has  been  convicted.  >  The  GEMII  Model  is  now 
operating  on  the  Burroughs  5500  and  IBM  360/65  computers.  The  equations  in 
GEMM  have  been  reviewed  for  accuracy  and  the  logic  flow  of  the  program  has 
been  tested  for  errors.  A  sample  problem  was  constructed  of  fictitious  data 
to  test  the  logic  flow  and  congjuter  subroutines.  Manual  calculation  were 
performed  on  a  small  desk- top  computer  and  compared  to  the  GEI^M  outputs. 

The  results  of  the  conqparison  proved  the  accuracy  of  the  logic  flow  and 
computer  subroutines. 

GEMM  exhibits  a  degree  of  versatility  not  commonly  found  in  support 
models.  It  is  capable  of  optimization  in  an  automatic  mode  and  it  peui  also 
be  used  to  analyze  a  variety  of  maintenance  situations  in  a  manual  mode. 

In  the  automatic  mode,  a  specified  number  of  maintenance  policies  can  be  - 
evaluated  and  meuntenanee  requirements  will  be  output  for  the  optimum  policy. 
If  it  is  necessary  to  review  the  malntepance  requirements  of  each  policy 
independently,  then  the  manual  mode  can  be  used  to  obtain  output  for  each 
policy. 

Sensitivity  analysis  is  another  very  important  attribute  of  GEMM  that 
yields  a  high  degree  of  versatility  arid  flexibility,  GEI'W  is  capable  of 
sensitivity  analysis  on  numerous  different  inputs  variables.  This  is  an 
invaluable  tool  for  identifying  variables  that  have  a  large  in5)act  on  life 
cycle  support  costs  and  operational  avedlability. 

A  cononon  faiilt  with  many  supjport  models  is  the  severe  structiiring  of  the 
model  that  allows  little  or  no  activity  at  the  man-model  interfeice.  This 
type  of  model  is  conq)letely  automatic  and  the  user  merely  inputs  the  data 
and  interprets  the  results.  This  restricts  the  user  from  becomiug  involved 
with  the  analysis  and  denies  him  the  privilege  of  applying  his  first-hand 
knowledge  to  the  problem.  GEMM  provides  the  user  with  a  powerful  tool  to 
which  he  can  ap  his  first-hand  knowledge  for  a  more  detailed  and  bene- 
f-ic:al  analysis.  The  automatic  mode  of  GEMI'4  can  be  used  to  determine  the 
optimiim  policy  and  sensitivity  analysis  can  be  performed  at  the  investi¬ 
gators  discretion,  GEMM  enlarges  the  man-model  interface  to  permit  more 
personalized  analysis  of  design  and  logistics  problems.  Decisions  on  design 
and  logistics  of  modem,  sophisticated  systems  are  much  too  cc»iq)licated  to 
be  made  by  one  man  or  group  of  men  without  a  detailed  analysis  of  many 
correlated  factors.  GEMM  enables  this  detailed  analysis  at  a  tremendous 
savings  in  terms  of  time  and  money.  This  model  is,  however,  only  one  step 
in  the  design  of  an  automatic  decision-making  process  that  must  be  evolved 
in  order  to  provide  timely  and  cost-effective  decisions  in  this  rapidly 
moving  age  of  technology. 
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APPENDIX  A.  GBMM  Ir^ut  Reqitt.rements 

1.  Number  of  component'-  in  equipment 

2.  Number  of  classes  of  :-arts  in  equipment 

3.  Number  of  modules  in  each  component 

4.  Number  of  each  part  class  in  each  mcduxv^- 

5.  Reliability  information  based  on  equipment  operating  hours: 

a.  Mean-Time -Between  Failure  for  each  part  class. 

b.  Mean-Time-Between  Failure  for  each  module 

c.  Mean-Time -Between  Failure  for  each  component 

d.  Mean-Time-Between  Failure  of  the  eq-uipment 

G.  Mean-Time  to  check-out  the  equipment 

7.  Mean-Time-To-Repair  Information  based  on  active  repair  time  (Fault 
Diagnosis  +  Replacement  Time  +  Retest  and  Re-Calibrate  Time): 

a.  Mean-Time-To-Repair  the.  equipment 

b.  Mean-Time-To-Repair  each  component 
r.  Mean-Time-To-Repair  each  module 

8.  Coat  of  the  equipment 

9.  Cost  of  the  components 

10.  Cost  of  the  modules 

■  11.  Average  cost  ot  each  part  clas'j 

12.  Number  of  different  typir  of  test  equipment  rtfsquired  to  perfo..-m 
all  maintenance  functions. 

13.  Test  equipment  required  to  check-out  equipment. 

14.  Test  equipment  required  to  fault  isolate  to  the  component. 

15.  Test  equiumant  required  to  fault  isolate  to  the  module. 

16.  Test  equiproer .  requi.rp.d  to  fault  isolate  to  the  part. 
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17.  Cost  for  each  type  of  test  equipment. 

18.  Number  of  diffezent  tyj^S  of  manpower  classifications  (M3S), 

19.  MDS  required  for  check-out-equipt.int . 

20.  MOS  z'equired  for  fault  isolation  to  component. 

21.  MOS  required  for  fault  isolation  to  module. 

22.  MOS  required  for  fault  isolation  to  part. 


23.  Cost  for  each  type  of  MOS  (Per  Year) 


2^.  Weight  or  the  equipment 

25.  Weight  of  each  component 

26.  Weight  of  each  module 


27.  Number  of  equipment  serviced  per  shor  at  each  maintenance  level 

28.  Number  of  maintenance  shops  of  each  w.  '.ntenance  level  in  the 
force  structure 

29.  Distance  in  miles  between  each  maintenance  level  (Between  Oarg 
and  DS,  DS  and  GS,  GS  andDepot,  also  Org  and  GS,  <  ./  and  Depot,  DS 
and  Depot). 

30.  Cost  per  pound  per  mile  for  transportation  (Between  the  different 
shops) 

31.  Requisition  time  for  a  part  from  the  depot  if  part  out  of  stock 
at  level  (L)  where  L  can  be  DS,  GS,  and  the  Depot. 

32.  Requisition  tinse  for  throwaway  module  from  Depot  if 

module  out  of  stocK  at  leve'  (L)  where  L  c.in  be  Org,  DS  and  GS  aiid 
Depot . 

33.  Requisition  time  for  throwr.way  component  from  Depot  if  component 
out  of  stock  at  level  (L>  where  L  can  be  Orgn,  DS,  GS  ,  and  Depot. 

34.  Requisition  tiiae  for  spare  equipment  from  the  Depot. 


^  i  -V- 


35.  Number  of  days  per  year  that  maintenance  shops  at  each  lev41 

operate.  > 

I 

36.  Number  of  days  per  year  of  opestion  of  the  equipment. 

t 

•j 

37.  Operating  hours  per  day  of  the  equipment.  ' 

1  * 

3^.  Confidence  limits  for  stockage  of  parts,  modules,  components, 

'  I 

and  the  equipment. 

39.  Probability  of  false-no-go. 

\  ' 

40.  Attrition  factor. 

I 

I  '  i 

41.  r'^'.uirements  objective  period. 

'*2.  Stockage  objective  .periods  between  levels.  , 

43.  Order  and  shipping  times  between  levels. 

44.  .Turnaround  times  for  modules  between  levels. 

t 

45.  Turnaround  times  for  components  between  levels. 

I  I  ' 

46.  Economic  Life.  ' 

47.  Cost  to  train  each  MDS  type. 

48.  Turnover  time  for  manpower. 

49.  Percentage  factor  of  total  stockage 'cost  f.or  Inventory  Management. 

50.  Fraction  meew-time-to-repalr  reduced,  if  maintenance  is  accomplished 
at  the  depot  level. 

1 

51.  Total  cost  of  reseai’ch  &  development. 

52.  Publication  information. 

*  Parts  must  he  classified  into  different  classes.  Could  be 
classified  according  to  failure  rate,  cost,  ecc..  This .classification 
shoxild  probably  be  done  by  the  R&D  engineer.  , 
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APPENDIX  B»  '  FOmR^  and  Descriptions 

I 

This  appendix  is  divided  Into  thi"ee^^B»J6r.  sec^^  Input  Variables,. 
Prbgr^  Venrlables  and  Subroutines*  For  each  viable  the  FORTRAN  name  is 
given  along  vith  a  brief  descxlption  of  that ‘variable.  This  listing  nay  be 
used  along  vith  the  flow  diagrams  in  Appviadlx  C  to  follow  the  logic  of 
GEMM  Program  given  in  Appendix  D*  -  -  • 
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SYMBOL 
TBCOST  (K) 

NMOS 

MOSCE  (KM) 

1  or  0  for  all  KM 

MOSE  (KM) 

1  or  0  for  all  KM 

MOSr  (I,  KM) 

1  or  0  for  all  KM 

MOSM  (I,J,KM) 

1  or  0  for  all  KM 

MCOST  (KM) 

WTE 

WTC  (I) 

WTM  (I,J) 

NSHOP  (L) 

NUMES  (L) 

TRANST  (L,  NL) 
COSLB  (L,  NL) 

REQPT  (L,4) 

RE4MT  (L,4) 

REQCT  (L,M 

REQET 
WAIT  (L) 

OPHRSH  (L) 


DESCRIPTION 

Test  Equipment  Cost  for  type  (K)  - ^  _ 

Number  of  different  types  of  manpower  classifications 
Msinpower  use  identifier  for  checK  o*ut  equipment 

M  npower  use  identifier  for  fault  isolatipn  to,  component 

^npower  use  identifier  for  fault  isolatioa  to  module 

M  npower  use  identifier  for  fault  Isolation  to  part 

Manpower  cost  for.  type  (KM) 

Weight  of  the  equipment 
Weight  of  component  (l) 

Weight  of  module  (I,J) 

Number  .of  equipment  serviced  at  maintenance  level  (L) 

Number  of  maintenance  shops  type  (L)  in  the  force 
structure 

Distance  in  miles  between  maintenance  level  (L)  and  (NL)| 

Cost  per-  pound  per  mile  for  transportion  from  level  (L) 
to  (NL) 

X  . 

Requisition  time  for  a  part  from  level  (4)  if  part  out  | 
of  stock  at  level  (L) 

Requisition  time  for  throwaway  module  from  level  (4) 

.If  module  out  of  stock  at  level  (L) 

Requisition  time  for  throwaway  component  from  level 
(4)  if  component  out  of  stock  at  level  (L) 

itequisition  time  for  spare  equipment 

Waiting  time  for  maintenance  at  level  (L) 

Operating  hours  per  day  of  maintenance  snop  at  level  (L|? 


I  -n  r  Ti  rf-—- 


i\Ti^ 


T9 


OPHRDY 

Kl,K2,K3,Klf 

PFWGO 

ATRF 

HDP 

B(L) 

G(L) 

TURNl(L) 

TURN2(L) 

ELIFE 

XMAN  (KM) 

TRAIN 

FACTIN 

TRANS  (L,  NL) 
PROD 
CTOE 
croc  (I) 

CTCM  (I,  J) 
TBOE 


Operating  hours  per  day  of  the  equipment 

Confidence  limits  for  stocKage  of  parts,  modules, 
components,  and  the  equipment 

Probability  of  false-no-go 

Attrition  factor 

Requirements  objective  period 

Stockage  objective  periods  between  levels 

Order  and  shipping'  times  between  levels 

Turnaround  times  for  modules  between  levels 

Turnaround  times  for  components  between  levels 

Economic  life 

Cost  to  train  manpower  type  (KM) 

Turnover  time  for  manpower 

Percentage  factor  of  total  stockage  cost  for 
Inventory  Management 

Distance  in  time  between  maintenance  level  (L)  and  (NL) 
Productive  factor  of  manpower. 

Cost  to  overlaTol  equipment. 

Cost  to  overhaul  coii5)onent  type  (l). 

Cost  to  overhaul  module  type  (I,  j). 

Time  between  overhauls  of  equipment. 


PROGRAM  VARIAPLES 


AM^C('X)  -  AMMH  for  repair  of  component. 

AMMHCE  -  Annual  Maintenance  Manhours  (AMMH)  for  check-out  equipment. 
AMMHM  (l,  J)  -  Annual  Maintenance  Manhours  for  a  module. 

AMMHM  (I,  S)  -  AMMH  for  repair  of  module. 

AMMHE  -  AMMH  for  repair  of  equipment. 

AVAILA  -  Operational  Availability 

COE  (l)  -  Level  for  Checkout  of  Equipment. 

CSTK  (L,  K)  -  Cost  of  part  stock  for  printout. 

CSTLC  (L,  I)  -  Cost  of  Component  Stock  for  Printout. 

CSTKM  (NL,  I,  J)  -  Cost  of  Module  Stock  for  Printout. 

CSTRNC  (I)-Cost  of  Transportation  for  Components. 

CSTRNE  -  Cost  of  Transportation  for  Equipment. 

CTIKVI  -  Adds  up  inventoiy  costs  for  printout. 

CTRM  -  Adds  up  training  cost  for  printout 

FIC  (l)  -  Level  for  Fault  Isolation  to  Component. 

FICT  -  Tradeoff  value  for  FIC  level. 

FIM  (l)  -  Level  for  fault  isolation  to  module. 

FIl^  (l)  -  Cost  for  Optimum  level  for  FIM. 

FIMT  (l)  -  Tradeoff  value  jr  FIM  level. 

'FIP  (l)  -  Level  for  fault  isolation  to  part. 

FIPS  (l,  J)  -  Cost  for  optimum  FIP  level. 

FIPT  (I,  T)  -  Tradeoff  cost  for  FIP  level. 

GAVAL  (l)  -  Values  for  availability  for  different  sensitivity  runs. 

GCOST  (l)  -  Values  for  cost  for  different  sensitivity  runs. 

GCSTE  (l)  -  Value  for  cost-effectiveness  for  different  sensitivity  runs. 
I  -  Component  Indicator 
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II  -  X  Value  in  graph  routine  represents  input  policy  run. 

IR  -  Sets  poll  /  equal  to  next  policy. 

J  -  Module  Indicator 
K  -  Part  type  indicator 

L  -  Maintenance  level  where  FIP  accomplished. 

LBNIIN  -  Optimum  repair  level  for  the  equipment. 

LMMIN  (l)  -  Optimum  repair  level  for  components. 

IMS  (l)  -  Optimum  level  for  FIM. 

* 

LPMIN  (I,  J)  -  Optimum  repair  level  for  modules. 

LPP  (I,  j)  -  Optimum  FIP  level  for  given  FIM  level. 

LPS  (l,  J)  -  Optimum  FIP  level. 

LX*^  Indicates  next  policy  to  be  evaluated. 

M  -  Specifies  policy  to  be  investigated. 

MMLEV  (L,  KM)  -  Adds  up  manpower  requirements  for  printout. 

MMNUM  (km)  -  Fbrce  structure  requirement  for  printout. 

MOSCC  -  Total  manpower  cost  for  FIG  for  a  given  policy. 

MOSCM  (l)  -  Total  test  equipment  cost  for  FIM  of  a  component, 
MOSCP  (l,  j)  -  Total  cost  for  man'o’.er  for  a  module. 

MOSEC  -  Manpower  cost  for  COE 

MPT  -  Mean  down  time  for  equipment 

NL  -  Maintenance  level  where  FIM  accomplished. 

ML  -  Maintenance  level  where  FIC  accomplished. 

NNLEV  (L,  KK)  -  Adds  up  test  equipment  requirements  for  printout. 
NOFAIC  (l)  -  Number  of  components  which  fail  during  a  year. 
NOFAIE  -  Number  of  equipment  which  fail  during  a  yea: 

NOFAIL  (  I,  j)  -  Number  of  module  which  fail  during  a  y-ar. 

REST  -  Total  reorder  stock  cost  for  printout. 
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HOPART  -  Add#  up  reorder  stock  cost  for  printout. 

STl  (K)  -  Initial  provisioning  replacement  part  stock. 

ST3  (K)  “  Initial  provisioning  initial  issue  parts  stock. 

STCM  (l)  -  Cost  of  the  stock  of  modules  for  a  component. 

STOP  (I,  J)  -  Cost  of  initial  provisioning  part  cost  for  a  module. 

STKC  (NNL,  I)  -  Requirements  for  component  stock&ge. 

STKCR  (l)  -  Requirements  for  reorder  component  stock. 

STKE  -  Number  of  end  item  stock  required  manpower. 

STKBC  -  Cost  of  end  item  stock  for  printout. 

STKM  (NL,  I,  J)  -  Initial  provisloplu^j  stock  for  modules. 

STKMR  (l,  J)  -  Reorder  stock  for  modi  ) 

STKTC  (NNL,  I)  -  Number  of  throwaway  components  required  for  initial  provisioning. 
STKTC  (NNL,  I)  -  Requirements  for  throwaway  components. 

STKTCR  (l)  -  Niuiber  of  throwaway  components  required  for  reorder. 

STKTCR  (l)  -  Requirements  for  reorder  stock  for  throwaway  components.  * 

STKTM  (NL,  I,  J)  -  Number  of  throwaway  modules  required  for  initial  provisioning. 
STKTM  (l,  J)  -  Requirements  for  throwaway  modules. 

STKEMR  (l,  j)  -  Number  of  throwaway  modules  required  for  reorder. 

STKTMR  (l,  J)  -  Requirements  for  reorder  stock  for  throwaway  modules. 

STL  (K)  -  Initial  provisioning  order-ship  part  stock 
STR  (K)  -  Reorder  stock  for  parts. 

SUMC  -  Total  of  optimum  FIMS’s  for  the  equipment. 

SUMS  -  Total  cost  for  repair  for  modules,  components,  and  the  end  item. 

SUMEMN  -  Optimum  total  cost  for  the  whole  equipment. 

SUMM  -  Total  cost  for  modules  of  a  component  and  component  itself. 


SUMP  -  Total  of  optimum  FIPS's  for  given  component. 
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SUN  -  Cost  for  reorder  stock  for  a  module. 

SUNN  -  Cost  of  reorder  stock. 

SUNNN  -  Total  cost  of  reorder  stock. 

T  (l)  -  Indicator  for  throwaway  components. 

T  (l,  j)  -  Indicator  for  throwaway  modules. 

TECC  -  Total  test  equipment  cost  for  a  given  policy. 

TECM  (l)  -  Total  manpower  cost  for  FIM  of  a  component. 

TBCP  (I,  j)  -  Total  cost  of  test  equipment  for  a  module. 

TEEC  -  Test  Equipment  Cost  for  COE. 

TINVIN  -  Inventory  Costs. 

TOMOS  -  Total  MOS  cost  for  printout. 

TOMDSS  -  Total  manpower  cost  for  printout  for  life. 

TOSTK  -  Total  stock  cost  for  initial  provisioning  for  printout. 


TOTCSC  -  Total  cost  for  repair  of  components 
TOTCSM  (l)  -  Total  cost  of  modules  for  a  component. 

TOTCSP  (l,  J,  L)  -  Total  cost  for  repair  of  a  module  at  a  given  level  of  maintenance. 
TOTE  -  Total  test  equipment  cost  for  printout. 

TOTEND  -  Total  cost  for  check  out  of-  equipment  including  end  item  stock. 

TOTRNS  -  Total  transportation  cost  for  one  year. 

TOTRSS  -  Total  transportation  cost  for  printout. 

TRM  -  Training  Cost 

TSTOCK  -  Total  stockage  cost  for  printout. 

TTC  -  Turnaround  time  of  a  component. 

TTE  -  Turnaround  time  of  equipment. 

TTM  -  Turnaround  time  of  a  module. 

TTT  -  Indicator  for  throawaway  end  item 

VAIiJE  (ll)  -  Y  value  in  graph  routine  represents  cost,  availability  or  cost 
effectiveness. 
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SUBROUTINES 


SYMBOL 

MPBFMD 

MTBPCM 

MTBFEQ 

ANMH 

XFIM 

XFIC 

XCOE 


TRANSM 

TRANSC 

TRANSE 

THRMOD 

THRCOM 

NRFPE 

NONREP 

REPMDD 

REPCOM 

REFEND 


DESCRIPTION 

Calculates  mean  time  between  failure  of  modules 

Calculates  mean  time  between  failure  of  components 

Calculates  mean  time  between  failure  of  equipment 

Calculates  Annual  Maintenance  Manhours  (AMMH)  for  modules, 
components  and  the  end  item. 

Calculates  repair  or  maintenance  requirements  for 
components  except  for  stockage.  Those  requirements 
include  manpower,  test  equipment  and  training. 


Calculates  maintenance  requirements  for  the  repair  | 

of  the  end  item  itself  except  for  stockage.  These  | 

requirements  include  manpower,  test  equipment  and  | 

training.  | 


Calculates  maintenance  and  stockage  requirements  for 
the  chec'.-out  of  the  end  item.  Requirements  include 
manpower,  test  equipment,  training  and  end  item  float 
'^r  throwaway  end  items. 

Calculates  transportation  costs  for  modules  between 
levels  of  maintenance 


Calculates  transportation  costs  for  components  between  | 

levels  of  maintenance.  I 

C^ilculates  transportation  costs  for  the  end  item  between  I 
levels  of  maintenance.  I 

Calculates  stockage  requirements  for  modules  to  receive  | 

throwaway  maintenance .  1 
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Calculates  stocKage  requirements  for  components  to 
receive  throwaway  maintenance. 

Calculates  stockage  requirements  for  the  end  item  to 
receive  throwaway  maintenance. 

Calculate*'  scocriage  requirements  for  non~ repairable 
parts  fC'  all  levels. 

Calculates  stockage  requirements  for  repairable  modules. 
Calculates  stoesage  requirements  for  repairable  components. 
Calculates  stockage  requirements  for  repairable  end  items. 
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oxnpuu 


description 


AVAIL 

GRAPHA 


operational  availability  for  the  equipment  under 

I 

Output  routine 'for  graphical  representation  of  cost, 
availability  and  cost-effectiveness.  ^ 


Call  TRAN SC 


SUBROUTINE  MTBFCM 


SyBROUTINE  XF2M 


Initialize 

Variables 


Add  up  Test 
Equip.  Requlre- 
nents  for  FIM 
per  Component 


Add  up  JDS  Re¬ 
quirements  for 
FIM  per  Compo¬ 
nent 


alculate  Humber 

[of  Test  Equip, 
tper  Shop 


Jcalcula^  Cost~  o| 
jTest  Equip,  for 
FIM  for  Entire 
IForce  Structure 


Calculate  MOS  Ref 
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Shop 


Calculate  Cost  ol 
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Force  Struc-j 
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Calculate  Tmg. 
Costs 


Add  Test  Equip. 
Cost,  MDf-  Cost  & 
Training  Costs 
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flUBROWnUE  XFIC 


START 


Initlaxi^^e 

Variables 

Determine  Test  | 
Equip.  Require- j 
■ents  Per  Equip] 
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Determine  KOS  Re¬ 
quirements  Per 
Equip,  for  XFIC 
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Calculate  Total 
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_  ylr 

Calculate  MCS  Re¬ 
quirements  Per 

Shop  for  XFIC 

Calculate  Total 
!CS  Cost  for  En¬ 
tire  Force  Struc¬ 
ture 

Calculate  Cost  of 
Training 
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Add  up  Total 

Test  Equipment  & 
Training  Costs 
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SUBROUTINE  TRANa< 
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Variables 


Calculate  Number 
of  Failures  per 
Year  in  Force 
Structure  for  E 
Module 


Determine  Cost  of 
Transportation 
for  Entire  Force  I 


SUBROUTINE  TRANSE 


SUBROUTl!®  THRMOJ) 


SUBROUTINE  THRCOM 


SUBROUTINE  REPCOH 
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SUBROUTINE  REPEND 


SUBROUTINE  NREPE 
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around  Time  for 
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